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INTRODUCTION

This bibliography on habitability was developed over a 17-month
period as part of the research effort supported by the Office of Naval
Research, Engineering Psychology Programs, Department of the
Navy, under Task Order No. 0014-69-A0200-1058.

The bibliography attempts to survey the methodology and results of
habitability research, with a particular emphasis on new methods.
Research on habitability is essentially multi-disciplinary in nature,
with contributions coming from many diverse fields. Relevant mate-
rial may be gleaned from almost every field of human endeavor, and
no single bibliography can be all-inclusive. The areas covered in the
foliowing chapters are the result of selections reflecting the particular
areas of interest of the investigators, and the immediate needs of the
research project on “Methods for the Development of Shipboard
Habitability Design Criteria,” in the context of which this bibliog-
raphy was developed. The chapters represent sharply separate areas,
with little or no overlap between them. Two chapters have been
subdivided into sections in order to accommodate the discrete cate-
gories of the research topic.

Abstracts are provided for a large number of entries. Wherever pos-
sible, these abstracts are those originally provided in journals. In
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numerous cases, abstracts were prepared from summaries or the body
of the reports. An effort has been made to reduce less relevant mate-
rial, to eliminate ambiguity, and to clarify the main thrust of the
argument. Care has been taken to avoid violence to the authors’
intentions, but the complete argument can best be obtained from the
original book or article. The introductory statements in each chapter
draw attention to important contributions in the field. The coverage
is uneven, reflecting the nature of the disciplines involved.

The work on noise was begun under DOT Contract OS-A9-118, di-
rected by W. W. Soroka, with the participation of Carrol Worster.
The other sections were developed specifically for ONR under the
task order mentioned above. The three investigators directed the
search for and compilation of items, with the assistance of Henry Yu,
Robert Hotten, and Vianne Ramirez. Editing was done in part by
Patsy Babbitt, and was completed by Linda Brubaker.

Hugo Blasdel produced the work related to scaling, noise, light and
thermal responses; Craig McArt prepared the chapters on color and
seating; Sami Hassid directed the group effort and more specifically
the chapters on perception, modeling, and group interaction. He also
prepared the final text for the introductory sections from notes sub-
mitted by the other participants.

Phipps Arabie, Ph.D. candidate in psychology, Stanford, was con-
sulted on the multidimensional scaling section. Dr. Martin A. Tol-
cott, Director, Psychological Sciences Programs, Office of Naval Re-
search, was the scientific officer for this project.
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MULTIDIMENSIONAL SCALING

There have been several major areas of activity in multidimensional
scaling in the past two decades. Recent work started with Torger-
son's* assembly of his own and past work into Theory and Methods
of Scaling (New York, Wiley, 1958) which combined the diverse
publications on unidimensional and multidimensional scaling into a
single text. Some further work by Messick and Abelson on a sugges-
tion by Tucker helped to solve the problem of the additive constant
raised in Torgerson’s work. That research represented the last major
work in two-way metric multidimensional scaling (except for a paper
by Cooper), and the effort turned toward “‘non-metric” procedures
and later toward “N-way” or multiple-matrix procedures.

The non-metric procedures were developed by Shepard and later
Kruskal at Bell Telephone Laboratories with further work by Young
and Torgerson. As Cliff indicates, non-metric scaling actually assumes
a metric model but does not assume linear ratio scale judgments on
the part of participants (Annual Review of Psychology Vol.24,

*Italicized names refer to work in the annotated bibliography. Since
often there are several papers by the same author on the same topic,
it would be aukward to cite all, or omit any, and the reader is
encouraged to address each author’s work as a whole.




1973). This non-metric technique became very popular, despite a
lack of evidence that the non-linearities in human judgment were of
such importance as to compensate for the loss of error reduction
(compared to metric techniques), and for the degenerate solutions
for a small number of stimuli, to which non-metric techniques are
susceptible. It often was difficult for non-theoreticians to interpret
their scaling configurations, while keeping within the limitations of
dimensionality that are numerically imposed in such an analysis.
Shepard discusses this problem at length in the two volume edited
work by Shepard, Romney and Nerlove, Multidimensional Scaling:
Theory (Volume 1), and Applications (Volume I1) (New York, Semi-
nar Press, 1972).

Metric procedures again reemerge in Carroll and Chang'’s work at the
Bell Telephone Laboratories. The INDSCAL program they developed
solved two pressing problems. Instead of requiring a “rotation of
axis” to find a meaningful orientation, the procedure finds a unique
set of axes which simultaneously fits the data from several matrices
(or several sets of matrices, thus the terminology ‘“N-way”’). With the
unique orientation, the difficulties of interpretation are less severe
and Shepard’s objection to solutions of high dimensionality may be
satisfied. Carroll and Chang follow Horan’s approach to combining
data so as not to unduly restrict dimensionality or distort the results
by some form of averaging. The authors utilize the matrices for each
individual’s judgments, and derive data on individual differences as a
result. Other procedures may be based on this approach which devel-
op matrices for each generator of dissimilarity (often rating scales)
and which initially aggregate the data from many individuals (Blas-
del, H. G., Identifying the Perceived Attributes of the Designed En-
vironment Utilizing Multidimevsional Scaling (Berkeley, Department
of Architecture, 1973)). Carroll’s contribution also includes the de-
velopment of methods of mapping preference functions on the at-
tributes so that the relative desirability of each pair of stimuli may be
determined from the ratings of the stimuli on the attributes.

It is not possible to mention rating scales without due historical
reference to the work of Osgood, Suci, and Tannenbaum on the
“semantic differential”, however unproductive the factor analytic
procedure may have been inextracting information from such data
(The Measurement of Meaning (Urbana, University of Illinois Press,
1957)). Tucker’s three-mode analysis was initially applied to such
data, and has also been applied to multidimensional scaling but it
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does not yield unique orientations. The three-mode analysis is a pre-
cursor to INDSCAL in handling multiple matrices, as was the work
of Tucker and Messick (subject to critique by Ross and response by
Cliff), and the work of Bloxom and McGee.

Although much progress has been made, it is not clear what addition-
al analytic techniques may be possible. INDSCAL has been extended
to allow for non-metric analyses, and other non-metric programs are
still being developed for greater ease of use and reliability. There is a
relatively open field in developing statistical indicators of the ade-
quacy of scaling solutions, although there are also proposed tests for
satisfactory solutions (as developed by Young, Sherman, and Spence
and others on the assumptions described by Ramsay). This work has
involved Monte Carlo techniques, and little theoretical analysis. Fur-
ther Monte Carlo studies of INDSCAL with profile data, which do
provide tests of each dimension, are given in the companion volume
to this bibliography, Multidimensional Scaling of Real and Simulated
Environments. Recent work of Krantz, Luce, Suppes and Tversky,
Foundations of Measurement (New York, Academic Press, 1971), is
another recent addition to the body of knowledge and also recapitu-
lates previous work by Beals, Krantz, and Tversky. While firm foun-
dations are at times necessary, this form of fundamental research has
not led to new experimental results, but serves mainly to assure the
skeptical “hard” scientist that a rigorous theoretical foundation is
available. Monte Carlo studies serve the same end, treating the analy-
sis process as a noise reducing black box which is used to examine a
simulation of another black box for systematic output.

The motivation is that in demonstrating the capacity for recovery of
simulated data, the application of the analysis technique to human
responses may also yield evidence of systematic phenomena. The
analysis techniques can only be “tuned™ to recover certain. kinds of
systematic data, and the hope for the future is that analysis tech-
niques will become more powerful through both better recovery and
through being tuned to a wider range of phenomena.
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MULTIDIMENSIONAL SCALING

Anderson, A.B. BRIEF REPORT: THE EFFECT OF AGGREGA-
1970 TION ON NONMETRIC MULTIDIMENSIONAL SCALING
SOLUTIONS. Multivariate Bebavioral Research 5(3), 369-73.

A normetric multidimensional scaling analysis was done on
similaritics between twelve objects on data gathered from
forty-two subjects. First, each subject’s data were used to
produce a separate configuration. Then, data were aggregated
over all subjects and a single solution configuration was ob-
tained. Comparisons between the two approaches were made.
Generally, it was found that aggregation did not produce a
configuration which differed greatly from those obtained by
analyzing each subject’s configuration separately. However,
the aggregate stress figures consistently indicated a far better
fit than did the corresponding individual stress values.

SO

Arnold, J.B. A MULTIDIMENSIONAL SCALING STUDY OF SE- ,
1971  MANTIC DISTANCE. J. Exper. Psychol. 90(2), 349-72.

A set of adjectives, a set of nouns, and a set of verbs were
cach scaled applying Kruskal’s multidimensional scaling
method to rated dissimilarities in meaning. The same sets of
) concepts were unidimensionally scaled on qualities closely
related to the three most salient semantic differential factors.
The clearest finding was that semantic distance associated
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with judgments of dissimilarity is not Euclidian. The evidence
strongly suggests that in forming a dissimilarity judgment,
differences are suppressed on all dimensions except the one
that maximally discriminates the members of a concept pair.
The term “maximum component distance” was coined to
characterize the apparently best fitting distance model. All
three sets of dissimilarities allowed the extraction of at least
four dimensions. The noun and adjective dimensions pre-
dicted the semantic differential scales rather well, but no
semantic differential scale appeared to be collinear with any
dissimilarity dimension. In the case of the verbs, only the
good-bad semantic differential scale showed significant cor-
relation with the dissimilarity dimensions.

Beals, R., Krantz, D.H. and Tversky, A. FOUNDATIONS OF MUL-
1968 TIDIMENSIONAL SCALING. Psychol. Review 75(2),

12742.

This paper analyzes multidimensional scaling from the stand-
point of measurement theory. The qualitative properties that
must be satisfied if an ordering of dissimilarities is to be

- representable by an ordering of distances in any one of a

wide variety (Euclidean, etc.) of distance geometries are ex-
hibited and discussed. In the current practice of multidimen-
sional scaling, the representability of stimuli by specific types
of distance geometry is rarely questioned. The computational
methods in use give a “best” answer, regardless of whether
the underlying model is appropriate. In contrast, geometric
representations are here regarded as a form of quantitative
theory. Those properties of ordinal data that make a given
model appropriate, the psychological meaning of those prop-
erties, and the structure of critical experiments that test them
are studied.

Bechtel, G.G. A DUAL SCALING ANALYSIS FOR PAIRED COM-
1971a POSITIONS. Psychometrika, 36, 135-54.

A paired composition is a response upon a dependent variable
to the ordered pair (/,k) of stimuli, treatments, etc. This
paper develops an alternative analysis for the paired composi-
tions layout previously treated by Bechtel’s [1967] scaling




model. The alternative model relaxes the previous one by
including row and column scales that provide an expression
of bias for each pair of objects. The parameter estimation and
hypothesis testing procedures for this model are illustrated
by means of 4 small group analysis, which represents a new
approach to pairwise sociometrics and personality assess-
ment.

Bechtel, G.G. A COVARIANCE ANALYSIS OF MULTIPLE
1971b PAIRED COMPARISONS. Psychometrika, 36, 35-55.

1971
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In the method of multiple paired comparisons the dominance
of object j over object k is observed upon p attributes. The
present paper develops a covariance analysis for these paired
comparisons in terms of a linear model which includes scale,
bias, and interaction effects, along with s coviriants upon
which the comparisons are presumably dependent. The co-
variance model gives rise to adjusted parameter estimates and
hy pothesis tests for the residual pairwise layout from which
the effects of the s covariants have been removed. These
estimation and testing procedures are illustrated with an unal-
ysis of political judgment data, and their relevance to the
general problem of residual scaling is discussed.

Bechtel, G.G., Tucker, L.R. and Chang, W.C. A SCALAR PRODUCT

MODEL FOR THE MULTIDIMENSIONAL SCALING OF
CHOICE. Psychometrika, 36, 369-88.

A multidimensional scaling analysis is presented for repli-
cated layouts of pairwise choice responses. In most applica-
tions the replicates will represent individuals who respond to
all pairs in some set of objects, The replicates and the objects
are scaled in a joint space by means of an inner product
model which assigns weights to each of the dimensions of the
space. Least squares estimates of the replicates’ and objects’
coordinates, and of unscalability parameters are obtained
through a manipulation of the error sum of squares for fitting
the model. The solution involves the reduction of a three-way
least squares problem to two subproblems, one trivial and the
other solvable by classical least squares matrix factorization.
The analytic technique is iHustrated with political preterence
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data and is contrasted with multidimensional unfolding in the
domain of preferential choice.

Bioxom, B. INDIVIDUAL DIFFERENCES IN MULTIDIMENSION-
1968 AL SCALING. Princeton, N.J.: Educational Testing Service,
Research Bulletin 68-45.

Applications of Tucker and Messick’s model of individual
differences in multidimensional scaling have suggested the oc-
casional appropriateness of a refinement of that model. The
refinement is to consider just one multidimensional stimulus
space for all persons (or sets of persons) and with each person
having a “weight™ for each axis. This paper presents a formal
description of this model and a least squares solution for its
parameters. The solution has yet to be tested empirically.

Bradley, J.V. UTILIZATION OF MULTIPLE CUES IN PAIRED
1969 COMPARISONS. Human Factors 11(4), 361-78.

Subjects were given one, two, or three cues with which to
make an either-or decision. Certain hypotheses were formu-
lated to describe the subject’s thought process in utilizing the
multiple cues, and mathematical models were constructed to
simulate them. The models were then used on data for the
single-cue case to predict performance in the multiple<cue
case. Predicted performance “‘data” were then compared with
actually observed data for the same multiple-cue case, thus
testing the predictive validity of the mathematical model and
the tenability of the corresponding hypothesis.

Bricker, P.N. and Flanagan, J.L. SUBJECTIVE ASSESSMENT OF

1970 COMPUTER-SIMULATED TELEPHONE CALLING SIG-
NALS. IEEE Trans. Aud. and Electroacoustics, Au-18(1),
19-25.

An expcrimental family of tones intended as telephone call-
ing signals was generated by computer simulation. The
synthesis technique allowed systematic manipulation of the
parameters of the tones. Selected results of the computations
were submitted to listeners for evaluative judgments. The
evaluative data were analyzed by a multidimensional method

!
|

e St e B, Aone AL

A e A S S




v -

T

wa

SRRy e

A

that reveals the perceptual dimensions on which listeners
opinions differ. The dimensions thus defined were inter-
preted in terms of the parameters of the synthesis.

Bricker, P.D., Johnson, S.C. and Mattke, C.F. APPARATUS FOR
1969 AUDITORY STIMULUS SORTING. Bebavioral Research
Methods and Instruments. 1(4), 148-49,

Bricker, P.D., Johnson, S.C. and Mattke, C.F. APPARATUS AND
1968 TECHNIQUE FOR AUDITORY STIMULUS SORTING. J.
Acoustic Soc. Amer., 44, I88.

Bricker, P.D. and McDermott, B.J. SUBJECTIVE EVALUATIONS
1970 OF TONE RINGERS BY A SORTING TECHNIQUE. Bell
Telephone Laboratories, mimeographed house paper.

Carroll, J.D. AN OVERVIEW OF MULTIDIMENSIONAL SCALING

1970 METHODS EMPHASIZING RECENTLY DEVELOPED
MODELS FOR HANDLING INDIVIDUAL DIFFERENCES.
Bell Telephone Laboratories, mimeographed house paper.

Carroll, J.D. POLYNOMIAL FACTOR ANALYSIS. Reprinted from
1969 the Proceedings of the 77th Annual Convention of the APA.

A number of nonlinear generalizations of factor analysis have
been proposed recently. They include McDonald’s (1962) ap-
proach in which a linear factor structure is rotated to find
nonlinear relations (mediated by specific polynomial forms
postulated « priori), the “local” proximity analysis and the
parametric mapping technique described by Shepard and
Carroll (1966), and, most recently, the method of nonlinear
principal components proposed by Gnanadesikan and Wilk
(1969). Polynomial factor analysis (PFA) is closest to
McDonald’s approach, in that a specific class of polynomial
functions is assumed to characterize the relation between
“manifest” or observed variables and underlying ‘‘latent”
variables or factors.

Carroll, J.D. INDIVIDUAL DIFFERENCES AND MULTIDIMEN-
1970 SIONAL SCALING. Bell Telephone Laboratories, mimeo-
graphed house paper.
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Several approaches are discussed for analysis of individual
differences in judgments of similarity and of preference (or
other “dominance” judgments). Emphasis is on both theoret-
ical underpinnings and practical data analysis. In the case of
similarity judgments special emphasis is placed on a model
for individual differences in perception that assumes differen
tial weighting of, or “salience” for, a common set of stimulus
dimensions. A method is described for analyzing datsg in
terms of such a model by using a procedure for decom, gosing
three-way (or N-way) tables into a kind of product. of three
(or N) matrices, each of the saic “small’ rank. Tiiis analysis
results in a “group stimulus space” plus a “‘subject space”, in
which the subject’s weights for the various dimensions are
uniquely specified (hopefully obviating the “‘rotation™ prob-
lem), parsimony and economy as compared to separate analy-
ses of subjects or groups of subjects, and a potentially useful
parameterization of the subjects as well as stimuli. In the case
of preference judgments a hicrarchy of models is discussed,
beginning with the vector modgt first proposed by Tucker,
going on to the unidimensiongi and multidimensional unfold-
ing, or “ideal point” models of Coombs, Bennett and Hayes,
and proceeding to gencralizations of the unfolding model in-
volving differential weighting of dimensions and differential
rotation of the coordinate axes followed by differential
weighting of the rotated dimensions thus defined. The pos-
sibility of negative weights is also discussed and its implica-
tions as to the nature of ‘“‘isopreference contours™ and the
status of the “ideal point” notion. Even more general models
are ‘discussed, in which there may be more than a single opti-
mum stimulus value or region. Methods are discussed for
both inrernal analysis (based solely on the preference data)
and external analysis (in which preferences are related to ana
priori stimulus space derived by multidimensional scaling of
similarities data). An interconnected set of methods for ex-
ternal analysis in terms of the hicrarchy of models mentioned
above is discussed in detail. Collectively, these comprise an
approach referred to as “preference mapping of stimulus
space”. A number of actual and potential methods for inter-
nal analysis of preference data are touched on. A new meth-
od called polynomial factor analysis is discussed in terms of
its particular potential for providing a very general method of
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analysis, both of the internul and external varieties, in the
preference domain. Several of these methods are brought to
bear on an illustrative set of data involving both similarity
and preference judgments by a number of subjects on pairs of
verbally described hypothetical cups of tea varying in temper-
ature and sweetness.

Carroll, J.D. and Charg, J.J. ANALYSIS OF INDIVIDUAL DIFFER-

1970

ENCES IN MULTIDIMENSIONAL SCALING VIA AN
N-WAY GENERALIZATION OF “ECKHART-YOUNG™" DE-
COMPOSITION. Belt Telephone Laboratorics, mimceographed
house paper.

An individual differences model for multidimensional scaling
is outlined; individuals arc assumed differentially to weight
the several dimensions of a4 common *‘psychological space’.
A corresponding method of analyzing similarities data is pro-
posed, involving a generalization of *“Eckhart-Young analy-
sis” to decomposition of three-way (or higher way) tables. In
the present case, this decomposition is applied to a derived
threc-way table of scalar products between stimuli for indi-
viduals. This analysis yields a stimulus by dimensions coor-
dinate matrix and subjects by dimensions matrix of weights.
This method is illustrated with data on auditory stimuli.

Carroll, J.D. and Chang, J.J. HOW TO USE INDSCAL, A COM-
1969a PUTER PROGRAM FOR CANONICAL DECOMPOSITION

OF N-WAY TABLES AND INDIVIDUAL DIFFERENCES
IN MULTIDIMENSIONAL SCALING. Belt Telephone Labo-
ratories, mimeographed house paper.

Carroll, J.D). and Chang, J.J. A NEW METHOD FOR DEALING
1969b WITH INDIVIDUAL DIFFERENCES IN MULTIDIMEN-

SIONAL SCALING. Bell Telephone Laboratories, tech.
memo.

Carroll, J.D. and Wish, M. MULTIDIMENSIONAL SCALING OF

INDIVIDUAL DIFFERENCES IN PERCEPTION AND
JUDGMENT. Bell Telephone Laboratories, mimeographed
house paper.




Cattell, R.B. MULTIVARIATE BEHAVIORAL RESEARCH AND
1966 THE INTEGRATIVE CHALLENGE. Multivariate Bebavioral
Research 1, 4-23.

A

Often the concepts that form the theoretical stock-in-trade of
a certain area are the insufficiently developed and verified
products of bivariate research extending over scarcely more
than half a dozen of the hundreds of variables really defining
the “business” of the domain. Once formed, these impro-
vised, prematurely crystallized concepts are hard to eradicate.
A comprehensive, representative array of variables in a do-
main, such as can be readily covered by multivariate meth-
ods, if uscd at the “‘outset™, effectively guarantees adequate
breadth of reference and potency of concept. In several cases,
cven when the introduction of 4 more representative design
has come quite late, it has been the means of sweeping aside
archaic conceptual obstacles. For example, the indication by
multivariate analysis of two distinct factor patterns, respec-
tively for anxiety response and stress response, has cleared up
some years of difficulty and confusion in interpreting bivari-
ate “anxiety” findings. A whole area can be covered by many
years of systematic successive bivariate steps, but, human per-
sistence and cooperation being what they are, this is seldom
achieved in practice. Viewed in either logical or statistical
terms, a concept can rarely be precisely operationally defined
with rigor by a single variable. A concept needs to be tied
down by a whole “pattern” of manifestations. Generally, its
unity needs to be factorially demonstrated before it is safe
even to assume that the theorist’s assumption of a “‘single”
conceptual entity can be trusted. Furthermore, we only
sharpen our theory about an entity by knowing what is defi-
' nitcly not in it as well as what is in it, and here the richer »

multivariate approach more readily provides a list of what 1
| does not belong. For cexample, consideration of wariates
whose vectors determine the hyperplane normal to a factor i
leads to a clearcr definition of the factor itself than does the §
mere inspection of thosc variates whose vectors are more
nearly collinear with the factor in somewhat the same way
! that consideration of the (all too) few things “controlled” in ;
, a biv.riate experiment enhances the interpretation of the ob-
scrvations made of the dependent variable. Thus, most con-
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siderations of the philosophy of scientific method and theory
building point to an immense advantage, as regards perspec-
tive, given by a multivariate experiment.

Qliff, N. THE “IDEALIZED INDIVIDUAL" INTERPRETATION
1968a OF INDIVIDUAL DIFFERENCES IN MULTIDIMENSION-
AL SCALING. Psychometrika 33(2), 225-32.

It is shown that several variants of the Tucker-Messick points-
of-view procedure are interpretable in terms of their “ideal-
ized individual” concepts. It is contended that the main func-
tion of the method is that it allows the computation of “sev-
eral” vectors of mean judgments instead of only one, and
that each of these may be used to stand for the actual judg-
ments of a subgroup of subjects. Vectors that do not corres-
pond to the judgments of any subjects are to be avoided. It is
alleged that Ross’s interpretation of “points-of-view” is quite
different from that intended by Tucker and Messick.

Qliff, N. ADJECTIVE CHECK LIST RESPONSES AND INDIVID-
1968b UAL DIFFERENCES IN PERCEIVED MEANING. Educa-
tional and Psychological Measurement, 28, 1063-77.

The study is an investigation of the nature of inventory re-
sponse. Subjects responded to an adjective check list under
candid and faking directions and also judged the degree of
differentness in meaning of 20 of the adjectives. Eight proto-
typical answer patterns were derived for the 20 adjectives
under the candid set, and the differentness judgments corres-
ponding to each were analyzed by a multidimensional scaling
procedure to yield multidimensional meaning spaces. The
study concludes (1) that the faking responses and probably
also the candid ones were simple functions of the positions of
the adjectives in the meaning space; (2) that there was great
unanimity among the subjects concerning how to fake; (3)
that the differences among individuals’ candid responses were
not accountable as differences in perceived favorableness and
probably not by other differences in perceived meaning, since
there was substantial agreement about these too.
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Coan, R.W. FACTS, FACTORS AND ARTIFACTS: THE QUEST
1964 FOR PSYCHOLOGICAL MEANING. Psychol. Review,
71(2), 123-40.

Issues relating to the psychological interpretation of factors

are surveyed and possible solutions are suggested. The most

basic arguments regarding the reality and interpretability of

factors are examined in terms of preferences for different

modes of verbal formulation, preferences for different types

of theoretical constructs, and confusion regarding the func-

tion of constructs. The multiplicity-parsimony issue largely

dissolves when examined in the light of the functions of sci-

entific theory, but the relevant concepts of simplicity and

unity need more operational analysis. Arguments regarding

the causal status stem largely from widespread failure to ana- _
lyze causal concepts and focus directly on the component i
issues. The closely related problems of descriptive generality

arc examined in the light of a modified hierarchical model.

e

Cooper, L.G. A NEW SOLUTION TO THE ADDITIVE CONSTANT
1972 PROBLEM IN METRIC MULTIDIMENSIONAL SCALING.
Psychometrika, 37, 311-22.

{ ] A new solution to the additive constant problem in metric
multidimensional scaling is developed. This solution deter-
mines, for a given dimensionality, the additive constant and
b the resulting stimulus projections on the dimensions of a
1 Euclidean space which minimize the sum of squares of dis-
crepancies between the formal model for metric multidimen-
sional scaling and the original data. A modification of Fletch-

er-Powell style functional iteration is used to compute solu- i

tions. A scale free index of the goodness of fit is developed to i

aid in selecting solutions of adequate dimensionality from ;

multiple candidates. !

-

Davidson, J.A. A GEOMETRICAL ANALYSIS OF THE UNFOLD-
1972 ING MODEL: NONDEGENERATE SOLUTIONS. Psycho-
metrika, 37, 193-216.

Given the complete set R of rank orders derived from some
configuration of n stimulus points in » dimensions in accord-

P




ance with the unfolding model, a stimulus configuration
which generates just these orders will be described as a solu-
tion for R. The space is assumed to be Euclidean. Necessary
and suffieient conditions ore determined for a nondegenerate
conliguration to be a solution for R. The geometrical condi-
tions which are necessary and sufficient to determine the
subset of pairs of opposite orders are also identified and con-
stitute the constraint system for the ordinal vector model.

Degerman, D. MULTIDIMENSIONAL ANALYSIS OF COMPLEX
1970 STRUCTURE: MIXTURES OF CLASS AND QUANTITA-
TIVE VARIATION. Psychometrika, 35, 475-91.

For certain kinds of structure consisting of quantitative di-
mensions superimposed on a discrete class structure, spatial
representations can be viewed as being composed of two sub-
spaces, the first of which reveals the discrete classes as iso-
lated clusters and the second of which contains variations
along the quantitative attributes. A numerical method is pre-
sented for rotating a multi-dimensional configuration or fac-
tor solution so that the first few axes span the space of
classes and the remaining axes span the space of quantitative
variation. Tie use of this method is then illustrated in the
analysis of some experimental data.

Eisler, H. MEASUREMENT OF PERCEIVED ACOUSTIC QUALITY

1966 OF SOUND-REPRODUCING SYSTEMS BY MEANS OF
FACTOR ANALYSIS. J. Acoustic Soc. Amer., 39(3),
484-92,

The factor analytic model as here applied conceives of a nu-
merical quality judgment of a certain program playsd by a
given reproducing device as a weighted sum of a measure of
the quality of the different reproducing properties (e.g., puri-
ty of transients, full treble) possessed by the device in ques-
tion. The weights constitute measures of the requirements
made by the particular program on these properties. Factor
analysis splits a raw-data matrix —consisting of quality judg-
ments for a number of combinations of program-loudspeaker
systems-into two matrices: a factor-loading matrix consist-
ing of the weights and a factor-score matrix consisting of the

-
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quality of reproducing properties. The rank of these matrices
(number of factors) reflects the number of dimensions (prop-
erties) that implicitly enter into the listener’s judgments.
Four listeners judged, on a 7-point scale, th~ quality of 24
programs (music, speech, traffic noise, etc.) played on ten
sound reproducing systems of highly different general quali-
ty. The data were factor-analyzed (component analysis of
covariances), and factor loadings for the programs and factor
scores for the loudspeaker systems were computed. Nine fac-
tors were extracted and rotated, and seven of them tentative-
ly interpreted (sound level, purity of transients, high-treble
relative midrange, environmental information, bass boost,
full-treble reproduction, and disturbing directional effects).
An attempt at validation showed good agreement between
factor scores (reproducing properties) for the four listeners,
in spite of variation of preferences between listeners reflected
in factor loadings. Despite technical imperfections, it is con-
cluded that factor analysis is a useful instrument for the as-
sessment of acoustical properties.

Ekman, G. TWO METHODS FOR THE ANALYSIS OF PERCEP-
1965 TUAL DIMENSIONALITY. Perceptual and Motor Skills, 20,

557-72.

Two methods for the analysis of a multidimensional subjec-
tive variation were described: (1) a direct multidimensional
ratio scaling method previously developed by the author and
(2) a revised method of similarity analysis that is derived in
the present paper from recent investigations of the mechan-
ism involved in similarity judgment. Both methods were ap-
plied to data from four experiments covering a variety of
perceptual and judgmental areas. It was demonstrated (a)
that the results of both methods were in very close agree-
ment, and (b) that these results were simple and easily inter-
pretable.

Ekman, G. A DIRECT METHOD FOR MULTIDIMENSIONAL
1963 RATIO SCALING. Psychometrika, 28(1), 33-41.

A generalization of direct ratio scaling methods to multi-
dimensional ratio scaling is described. This method requires
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an observer to report the proportion of a standard percept
that is contained in a given percept and vice versa. The meth-
od was developed to meet requirements for experimentation
in such areas as color vision, gustation, and oifaction.

Ekman, G. DIMENSIONS OF COLOR VISION. J. Psychol., 38,
1954 467-74.

Evans, G.T. TRANSFORMATION OF FACTOR MATRICES TO
1971 ACHIEVE CONGRUENCL. Br. J. math. Statist. Psychol., 24,
22-48.

The several problems which are included under the study of
factorial similarity are discussed. and the available analytical
techniques for rotation to congruence are classified. A new
method for the transformation of two or more factor matni-
ces to achieve maximum similarity between them is pro-
posed. The possibility of postulating the same factor struc-
ture in different populations and comparing the means, vari-
ances, and intercorrelations of factor scores from the differ-
ent populations is also discussed.

Fenker, R.M., Jr. and Brown, D.R. PATTERN PERCEPTION, CON-

1969 CLPTUAL SPACES, AND DIMENSIONAL LIMITATIONS
IN INFORMATION PROCESSING. Multivariate Bebavioral
Research 4(3) 257-71.

A conceptual space was defined as the collection of all linear-
ly independent psychological dimensions underlying the mul-
tidimensional scaling of a set of tasks. When a single subject
scaled a sample of random polygons under fifteen different
task conditions, a total of ten linearly independent dimen-
sions was obtained. The number of obtained dimensions in
individual tasks ranged between 1 and 3. The results suggest
the existence of a dimensional limitation upon information
processing in MDS studies.

Fischer, W. and Micko, H.C. MORE ABOUT METRICS OF SUBJEC-
1972 TIVE SPACES AND ATTENTION DISTRIBUTIONS. /.
math. Psychol. 9(1), 36-64.
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A new representation of metrics is presented, competing
theories of similarity and their geometric representations are
compared, and metrics resulting from averaging individual
distances are discussed.

Fleiss, J.L. and Zubin, J. ON THE METHODS AND THEORY OF
1969 CLUSTERING. Multivariate Bebavioral Research 4(2),
235-50.

The need for methods of clustering individuals into homo-
geneous groups seems clear. One hopes, by applying them to
his data, to discover clusterings which may prove to be im-
portani. This aim appears straightforward, but the methods
which exist do not necessarily satisfy them. The procedures
which cmploy the correlation measure of profile similarity,
and those which employ the distance measure are discussed.
Technical and logical problems are shown to exist for both
measures. The key defect in almost all clustering procedures
scems to be the absence of a statistical model. The suggestion
is made that the clustering problem be stated as a mixture
problem. The need for further work by psychologists and
statisticians is pointed ouf.

e e s

Garner, W.R. and Felfoldy, G.L. INTEGRALITY OF STIMULUS
1970 DIMENSIONS IN VARIOUS TYPES OF INFORMATION :
; PROCESSING. Cognitive Psychology, 1, 225-41. 1

Seven experiments were run in which speed of sorting decks ¢
of stimulus cards was measured. Stimuli were constructed ;
from two dichotomous dimensions, used either alone, cor-
related, or orthogonally. Sorting was always into two cate-
gories defined by the levels of one dimension. The experi-
ments differed in the nature of the stimulus dimensions.
Value and chroma of single Munsell chips and the horizontal
and vertical positions of a dot gave results which show facili-
tation with correlated stimulus dimensions and interference
with orthogonal dimensions. Such dimensions, which also
produce a Euclidean metric in direct stimulus scaling, are
termed integral. Value and chroma of separate Munsell chips,
as well as size of circle and angle of diameter, gave results
which show little or no facilitation or interference. Such




dimensions, which also produce a city-block metric in direct
stimulus scaling, are termed nonintegral.

Gnanadesikan, R. and Wilk, M.B. DATA ANALYTIC METHODS IN

1969

Green,
1966

MULTIVARIATE STATISTICAL ANALYSIS. In P.R. Krish-
naiah, Multivariate Analysis 1. New York: Academic Press,
593-638.

This paper concerns multivariate statistical techniques, con-
cepts, and data-based interpretations relevant to five general
objectives in the analysis of multiresponse data: (1) reduction
of dimensionality; (2) development and study of muitivariate
relationships; (3) multidimensional classification; (4) assess-
ment of statistical models; and (5) summarization and ex-
posure. The coverage includes a review of some relevant pub-
lished work and also of some new procedures. Specifically,
the new statistical methods discussed are: a generalization of
lincar principal components analysis for detecting and de-
scribing nonlinear relations among the responses; the use of
regression  procedures for multidimensional classification
when there are certain systematic variations (due perhaps to
experimental artifacts) among the known replicate observa-
tions of each category or group; and a technique of multivari-
ate observations for purposes of intercomparing the marginal
distributions of the components. llustrative examples of use
of the techniques are given. ‘

B.J., Jr. THE COMPUTER REVOLUTION IN PSYCHO-
METRICS. Psychometrika, 31, 437-44.

The authors postulate that the psychometric methods involv-
ing algorithms are completely objective - —if the algorithm is
in the form of a program for a digital computer. These objec-
tive procedures need Monte Carlo and other computer runs
to determine their properties, but so do many equation-ori-
ented techniques. The objective algorithms are flexible but
not flaccid. They offer a way of dealing with complexities
that formerly seemed beyond our grasp. As the computer
revolution continues in psychometrics, we can expect objec-
tive algorithmic methods to become the rule rather than the
exception.
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Green,
1972

Green,
1969

Green,
1969

P.E. and Carmone, F.J. THE EFFECT OF TASK ON INTRA-
INDIVIDUAL DIFFERENCES IN SIMILARITIES JUDG-
MENTS. Multivariate Bebavioral Research, 6(4), 433-50.

In a recent MBR article (1969), Fenker and Brown discuss
the relationship between task spaces and conceptual space in
the muitidimensional scaling of similarities judgments. This
article extends some of their research to the case of multiple
judges and real stimuli—a set of twenty bakery type food
items. In addition, the relationship between overall similari-
ties judgments and task-specified similarities judgments is
examined. The results of this experiment tend to support the
earlier findings of Fenker and Brown that the scaling of task-
dependent similarities judgments taps only a subset of the
dimensions of conceptual space. Moreover, the scaling of
overall similarities (task unspecified) does not predict the ap-
proximated conceptual space with high accuracy. The au-
thors discuss a number of techniques, including Carroll’s and
Chang’s INDSCAL procedure (1970) for finding conceptual
space approximations.

P.E. and Carmone, F.J. MULTIDIMENSIONAL SCALING:
AN INTRODUCTION AND COMPARISON OF NONMET-
RIC UNFOLDING TECHNIQUES. J. Marketing Research, 6,
33041.

This article first describes some of the basic concepts of mul-
tidimensional scaling of similarities and preference data and
provides a short description of its historical development.
Then it reports an empirical comparison of three computer
programs for unfolding preference data to *‘recover” a stimu-
lus configuration (independently obtained). Results indicate
differences among the resulting configurations that reflect
the influence of differential weighting of *“perceptual’ di-
mensions in the context of preference.

P.E., Maheshwari, A. and Rao, V.R. DIMENSIONAL INTER-
PRETATION AND CONFIGURATION INVARIANCE IN
MULTIDIEMNSIONAL SCALING: AN EMPIRICAL
STUDY. Multivariate Bebavioral Research, 4(2), 159-80.




Green,
1969

This paper is concerned with: (a) the invariance of nonmetric
multidimensional scaling solutions over changes in stimulus
domain; and (b) procedures for assisting the researcher in
interpreting the axes of multidimensional scaling configura-
tions. The stimuli consisted of the names of seventeen popu-
lar brands of automobiles. Similarities and preference judg-
ments were obtained from thirty-seven subjects, divided into
two groups of approximately equal size. Each group received
cleven of the seventeen stimuli. A core set of five stimuli was
common over both groups. Each group also rated the eleven
car models on twenty semantic differential scales. Results of
the study suggested that the interpoint distances of the core
set of five stimuli remained stable over subject groups and
differences in stimulus set composition. Semantic differential
ratings were used to find directions in the configural space
(obtained from overall similarity judgments) whose projec-
tions were maximally correlated with the “‘outside” (prop-
erty) vectors. Stimulus configurations developed from the se-
mantic differential “‘space™ were highly congruent with those
found by analysis of direct similarity judgments. However,
attempts to develop stimulus configurations by the ‘‘unfold-
ing” of preference data alone did not lead to configurations
which closely matched those found by analysis of direct simi-
larities data.

P.E. and Rauo, V.R. A NOTE ON PROXIMITY MEASURES
AND CLUSTER ANALYSIS. J. Marketing Research, 6,
359-64.

This paper compares, theoretically and empirically, ten types
of proximity measures advocated by various rescarchers inter-
ested in clustering and related techniques. A common (minia-
ture) data bank and clustering routine was used. As seen, the
clustering algorithm was sensitive to type of proximity mea-
sure used, and different cluster compositions resulted. Ap-
parently, in this example, proximity measures based on a
preliminary Q-type analysis of the intermode! correlation
matrix and Kendall’s nonparametric method produced the
most disparate cluster compositions compared with the other
methods. Finally, the authors propose an adaptation of John-
son’s procedure (originally developed for studying individual
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differences among subjects’ subjective clustering of a group
of stimuli) as a way to characterize spatially results of cluster-
ing based on various proximity measures. They speculate that
this graphical approach may also be useful descriptively in
portraying similarities among different clustering algorithms.
The need for such comparisons seems particularly acute in
view of the increasing number of clustering programs being
proposed and the lack of a firm analytical base for evaluating
their similarities and differences in applications to real data.

Gregson, R.A.M. ODOUR SIMILARITIES AND THEIR MULTIDI-
1972 MENSIONAL METRIC REPRESENTATION. Multivariate
Bebavioral Research, 7, 165-74.

Odour qualitative similarities were collected on 18 subjects,
using 10 diverse stimuli. Responses were in numerical cate-
gory scale form, and were analyzed individually and pooled
by a nonmetric multidimensional scaling program, TORSCA.
It is suggested that the data are consistent with a degenerate
metric spuce configuration here called a “reflected simplex.”
Implications for psychophysical odour quality typologies are
noted.

Gregion, R.A.M. THEORETICAL AND EMPIRICAL MULTIDI-
1966 MENSIONAL SCALINGS OF TASTE MIXTURE MATCH-
INGS. Bnit. J. math. statist. Psychol., 19, 59-76.

Kruskal’s nonmetric method was used to provide a multi-
dimensional scaling of two experiments in which a series of
taste mixtures with threc and four chemical components each
were matched to histogram pictures of taste mixtures. The
results yielded dimensions of a space which could be related
to the chemical composition of the stimuli: suggestions are
made for reformulating the distance metric to take account
of psychophysical response processes known to underlie taste
comparisons. Scaling problems which arise as a consequence
of the limitations of taste as a conveyor of sensory informa-
tion are noted; possible methods of multidimensional scaling
by matching theoretical and empirical interstimulus distances
are discussed.
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Gregson, R.A.M. and Russell, R.N. A NOTE ON A GENERATING

1967

ASSUMPTION IN McGEE’S MULTIDIMENSIONAL ANAL-
YSIS OF *ELASTIC’ DISTANCES. J. math. statist. Psychol.,
20(2), 23942,

Evidence is offered that multidimensional similarity judg-
ments do not behave in a way demanded for an elastic dis-
tance model advanced by McGee. Problems concerning the
properties of similarity data which can be included in scaling
models are indicated.

Gulliksen, H. MATHEMATICAL SOLUTIONS FOR PSYCHOLOGI-

1959

CAL PROBLEMS. Amer. Scientist, 47, 178-201.

An attempt has been made to show the value of the mathe-
matico-deductive approach to various psychological prob-
lems, and in particular to indicate the very general applica-
bility of two techniques: (1) The usefulness of matrix algebra
for c¢xpressing a large number of psychological theorics and
for comparing the theory (observation equations) with data;
(2) the generality of multidimensional scaling as an approach
to a variety of psychological problems. In each case the close
tie between the mathematical statement and the psychologi-
cal statement has been stressed. For every variation in
psychological assumptions there must be a matching variation
in the mathematical equations. When psychological theories
are translated into mathematical equations, the mathema-
tician can give the psychologist powerful tools for deriving
the implications of his assumptions and for testing their cor-
respondence with data.

Guttman, L. A GENERAL NONMETRIC TECHNIQUE FOR FIND-

1968

ING THE SMALLEST COORDINATE SPACE FOR A CON-
FIGURATION OF POINTS. Psychometrika, 33.

Let A,, 4,, ... A, be any n objects, such as variables, cate-
gorics, people, social groups, ideas, physical objects, or any
other. The empirical data to be analyzed are coefficients of
similarity or distance within pairs (A;, A4;) , such as correla-
tion coefficients, conditional probabilities or likelihoods,
psychological choice or confusion, etc. It is desired to repre-
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sent these data parsimoniously in a coordinate space, by cal-
culating m coordinates {x;, } for each 4; for a semi-metric d
of preassigned form d,,-d(lx“ - xn],y | X2 = X2 Le s
| xim - x/ml ). The dimensionality m is sought to as
small as possible, yet satisfy the monotonicity condition that

dy < diy whenever the observed data indicate that 4; is

“closer” to A; than Ay is to A, Minkowski and Euclidean

spaces are special metric examples of d. A general coefficient

of monotonicity u is defined, whose maximization is equiva-

lent to optimal satisfaction of the monotonicity condition,

and which allows various options both for treatment of ties

and for weighting error-of-fit. A general rationale for algo-

rithm construction is derived for maximizing p by gradient-

guided iterations; this provides a unified mathematical solu-

tion to the basic operational problems of norming the gradi-

ent to assure proper convergence, of trading between speed

and robustness against undesired stationary values, and of a

rational first approximation. Distinction is madc between

single-phase  (quadratic) and two-phase (bilincar) strategics {
for algorithm construction, and between “hard-squecze” and
“soft-squceze” tactics within these strategies. Special refer-
ence is made to the rank-image and related transformational
principles, as executed by current Guttman-Lingoes famnhes
of computer programs.

Helm, C. and Tucker, L.R. INDIVIDUAL DIFFERENCES IN THE '
1962 STRUCTURE OF PERCEPTION. Amer. J. Psychol., 75,
43744,

Holman, EW. THE RELATION BETWEEN HIERARCHICAL AND
1972 EUCLIDEAN MODELS FOR PSYCHOLOGICAL DIS B
TANCES. Psychometrika, 37, 417-23. ,)

i

In one wellknown model for psychological distances, objects
such as stimuli are placed in a hierarchy of clusters like a
phylogenetic tree; in another common model, objects arc
represented as points in a multidimensional Euclidean space.
These models are shown theoretically to be mutually exclu-
sive and exhaustive in the following scnse. The distances
among a set of n objects will be strictly monotonically re-
lated either to the distances in a hicrarchical clustering sys-
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tem, or clse to the distances in a Euclidean space of less than
n - 1 dimensions, but not to both. Consequently, a lower
bound on the number of Euclidean dimensions necessary to
represent a set of objects is one less than the size of the
largest subset of objects whose distunces satisfy the ultra-
metric inequality, which characterizes the hierarchical model.

Horan, C.B. MULTIDIMENSIONAL SCALING: COMBINING OB-
1969 SERVATIONS WHEN INDIVIDUALS HAVE DIFFERENT
PERCEPTUAL STRUCTURES. Psychometrika, 34, 139-0S.

The usual methods of combining observitions to give inter-
point distance estimates based on interstimulus differences
are shown to lead to g distortion of the stimulus conligura-
tion unless all individuals in a group perceive the stimuli in
perceptual spaces which are essentially the same. The nature
of the expected disiortion is shown, and a method of com-
bining individual distance estimates which produces only a
linear deformation of the stimulus is given.

Jackson, D.N., Messick, S.J. and Solley, C.M. A MULTIDIMENSION-
1957 AL SCALING APPROACH TO THE PERCEPTION OF PER-
SONALITY. J. of Psychol. 44, 311-18.

This experiment was designed to investigate the relevance and
appropriateness of multidimensional scaling for studying the
perception of personality. This technique avoids the necessity
of predetermining the number and the nature of the relevant
dimensions. Since the categories used by ordinary people in
defining personality are largely unknown, it was thought that
the application of this method would be useful as an explora-
tory device. Twenty subjects, all well acquainted, were as-
signed the task of judging similarity in personality between
all possible pairs of the subjects along 4 nine-point scale.
These distance judgments were subjected to the analytic pro-
cedures of multidimensional scaling and resulted in a struc-
turc of points corresponding to people in an Euclidean space.
Four dimensions were cxtracted, three of which accounted
for a major portion of the variance. These three dimensions
were identified tentatively as “theoretical-intellectual,”
“fricndship,” and ‘‘agestatus” by their partial correspon-
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dence with data from a personality inventory, friendship rat-
ings, intelligence test scores and age.

Johnson, D.E. THE OFFICE ENVIRONMENT PEOPLE PREFER.

1970

AlA Journal, 56-58.

Johnson, R.M. PAIRWISE NONMETRIC MULTIDIMENSIONAL

1973

SCALING. Psychometrika, 38, 11-18.

A method of nonmetric multidimensional scaling is described
which minimizes pairwise departures from monotonicity. The
procedure is relatively simple, both conceptually and compu-
tationally. Experience to date suggests that it produces solu-
tions comparable to those of other methods. -

Keats, J.S. A METHOD OF TREATING INDIVIDUAL DIFFER-

1964

ENCES IN MULTIDIMENSIONAL SCALING. Brit. J. statist.
Psychol., 17, 37-50.

Three studies are reported in which results obtained by analy-
sis using the multidimensional ‘unfolding’ method are com-
pared with those obtained by multidimensional scaling. Atti-
tudes of undergraduates towards crime, political parties and
types of accommodation were assessed by presenting the
stimuli two at a time and asking subjects to indicate prefer-
ences, as well as rate the differences between each pair of
stimuli. Subjects were also asked to indicate whether they
liked, disliked or felt indifferent towards each of the stimuli.
Samples of approximately 200, 500 and 1,000 subjects re-
spectively were used in the three studies. Where the indi-
vidual differences in attitudes were relatively small, as in the
crimes data, the two methods gave equally adequate represen-
tations of the data. However, in their attitudes towards politi-
cal partics the students showed large individual differences,
and this was reflected: in considerable disparity between the
results obtained by the two methods. An attempt was made
to combine the two methods to investigate distortion pro-
duced by strong negative attitudes, and the results obtained
were linked to a theory of psychological balance. This theo-
retical explanation seemed appropriate to the results ob-
tained from the study of students’ reactions to different
types of accommodation. '




Kempthorne, O. MULTIVARIATE RESPONSES IN COMPARA-

1966

TIVE EXPERIMENTS. In P.R. Krishnaiah, Multivariate Anal-

ysis, New York: Academic Press, 521-40.

Kitamura, 0., Namba, S. and Matsumoto, R. FACTOR ANALYTI-

1968

CAL RESEARCH OF TONE COLOR. Sixth International
Congress on Acoustics, paper A-5-11, A-117-20.

The expression, ““tone color,” used in this paper, does not
only mean the peculiarity of sound, but it also means the
whole tonal experience when we hear a sound. In other
words, the tone color means the impression which is made
from the pattern of pitch and loudness in the total sensation
of tone heard. As many descriptive adjectives of tone color as
possible were collected from a number of books and maga-
zines of music and acoustics, and from acoustical engineers,
musicians and the general populace. The sound stimuli were
selected from music, noise and the human voice. The music
and noise were selected from records and the human voice
was sclected from readings by radio announces.

Klahr, D. A MONTE CARLO INVESTIGATION OF THE STATIS-

1969

TICAL SIGNIFICANCE OF KRUSKAL'S NONMETRIC
SCALING PROCEDURE. Psychometrika, 34(2), 319-30.

Recent advances in computer based psychometric techniques
have yielded a collection of powerful tools for analyzing non-
metric data. These tools, although particulanty well suited to
the behavioral sciences, have several potential pitfalls. Among
other things, there is no statistical test for evaluating the
significance of the results. This paper provides estimates of
the statistical significance of results yiclded by Kruskal’s non-
metric multidimensional scaling. The estimates, obtained
from attempts to scale many randomly gencrated sets of
data, reveal the relative frequency with which apparent struc-
ture is erroncously found in unstructured data. For a small
number of points (i.e., six or scven) it is very likely that a
good fit will be obtained in two or more dimensions when in
fact the data are generated by a random process. The esti-
mates presented here can be used as a bench mark against
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which to evaluate the significance of the results obtained
from empirically based nonmetric multidimensional scaling.

Klemmer, E.T. and Shrimpton, N.W. PREFERENCE SCALING VIA
1963 A MODIFICATION OF SHEPARD'’S PROXIMITY ANALY-

SIS METHOD. Human Factors, 5(2), 163-68.

Krantz, D.A. KATIONAL DISTANCE FUNCTIONS FOR MULTIDI-
1967 MENSIONAL SCALING. J. Math. Psychol., 4, 226-45.

A rational distance function is a numerical measure of
psychological distance whose geometric properties are de-
ducible from psychological truths about some particular judg-
mental task. In this paper, we review two theoretical analyses
that have led to proposed rational distance functions. These
analyses are based on two different tasks: paired-associate
learning and similarity judgments. A generalization of the
theory on similarity judgments is presented. Empirical results
concerning similarity judgments seriously conflict with the
basic psychological assumptions in the generalized treatment
of similarity judgments. We conclude from these results that
the construction of valid psychologically based distance func-
tions from analysis of choice probabilities in similarity judg-
ments requires, as an initial step, the development of scaling
models that take into account the influence of “‘irrelevant”
dimensions on choice probability.

Krantz, D.H. and Tversky, A. CONJOINT-MEASUREMENT ANAL-

1971

YSIS OF COMPOSITION RULES IN PSYCHOLOGY.
Psychol. Review, 78, 151-69.

Composition rules are theories that describe the relationships
among several measurable variables. Conjoint measurement
provides methods for analyzing such rules using ordinal infor-
mation only. This analysis is applied to a class of four compo-
sition rules in three variables (4 + P+ U, (A+P)U AP+ U,
APU), which have been widely employed in different areas
of psychology. It leads to the formulation of observable ordi-
nal properties that can be used to test and diagnose which of
the rules, if any, is appropriate for a given set of data.
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Kruskal, J.B. MONOTONE REGRESSION: CONTINUITY AND

1971

DIFFERENTIABILITY PROPERTIES. Psychometrika, 36,
57-62.

Least-squares monotone regression has received considerable
discussion and use. Consider the residual sum of squares Q
obtained from the least-squares monotone regression of y; on
x;. Treating Q as a function of the y;, the author proves that
the gradient Grad Q exists and is continuous everywhere, and
is given by a simple formula. (He also discusses the gradient
of d = Q%.) These facts, which can be questioned, are impor-
tant for the iterative numerical solution of models, such as
some kinds of multidimensional scaling, in which monotone
regression occurs as a subsidiary element, so that the y; and
hence indirectly Q are functions of other variables.

Kruskal, J.B. MULTIDIMENSIONAL SCALING BY OPTIMIZING
1964a GOODNESS-OF-FIT TO A NONMETRIC HYPOTHESIS.

Psychometrika, 29(1), 1-27.

Multidimensional scaling is the problem of representing n ob-
jects geometrically by n points, so that the interpoint dis-
tances correspond in some sense to ¢xperimental dissimilari-
ties between objects. In just what sense distances and dissimi-
larites should correspond has been left rather vague in most
approaches, thus leaving these approaches logically incom-
plete. Our fundamental hypothesis is that dissimilarities and
distances are monotonically related. We define a quantitative,
intuitively satisfying measure of goodness-of-fit to this hy-
pothesis. Our technique of multidimensional scaling is to
compute that configuration of points which optimizes the
goodness-of-fit. A practical computer program for doing the
calculations is described in a companion paper.

Kruskal, J.B. NONMETRIC MULTIDIMENSIONAL SCALING: A
1964b NUMERICAL METHOD. Psychometrika, 29(2), 115-29

"

The author describes the numerical methods required in his
approach to multidimensional scaling. The rationale of this
approach has appeared previously.
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Kruskal, J.B. and Carroll, J.D. GEOMETRICAL MODELS AND
1969 BADNESS-OF-FIT FUNCTIONS. Reprinted from Multivari-
ate Analysis—1I, New York: Academic Press, 639-71.

Geometrical models are models such as tree structure, para-
metric mapping, muitidimensional scaling, multidimensional
unfolding, and factor analysis. Four of thesc models are dis-
cussed in this paper. For each a brief description is given as
well as a brief discussion of its demonstrated utility. One
good way to do model fitting is through badness-of-fit or
goodness-of-fit functions. The model allows for data values
and for parameter values. A badness-of-fit or a goodness-of-fit
function is devised which measures or evaluates how well the
parameter values in question match the data values being
considcred. By definition, the best fitting parameter values
ar¢ those which optimize this function. The central question
in this apyroach is how to choose the badness-of-fit or good-
ness-of-fit function. This is the problem on which attention is
focused here. Our approach is not theoretical, but rather
through illustration. For each of the geometrical models we
discuss, we describe at least one and sometimes several alter-
native functions that can be or have been used, and discuss
advantages and disadvantages.

Kuennapas, T. ACOUSTIC PERCEPTION AND ACOUSTIC MEMO-
1968 RY OF LETTERS: MULTIDIMENSIONAL RATIO SCAL-

Lingoes, J.C. SOME BOUNDARY CONDITIONS FOR A MONO-
TONE ANALYSIS OF SYMMETRIC MATRICES. Psycho-

metrika, 36, 195-203.

1971

ING AND MULTIDIMENSIONAL SIMILARITY. Acta
Psychologica, 28, 161-70.

The similaritics in acoustic perception and acoustic memory,
respectively, of nine letters of the alphabet were studicd by
direct multidimensional ratio scaling and by the method of
multidimensional similarity analysis. Three factors were
found which were exactly the same in respect to both percep-
tion and memory of these letters, and with ncarly identical
loadings.
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This paper gives a rigorous and greatly simplified proof of
Guttman’s theorem for the least upper-bound dimensionality
of arbitrary real symmetric matrices S, where the points em-
bedded in a real Euclidean space subtend distances which are
strictly monotone with the off-diagonal elements of S, A
comparable and more easily proven theorem for the vector
model is also introduced. At most n-2 dimensions are re-
quired to reproduce the order information for both the dis-
tance and vector models, and this is true for any choice of
real indices, whether they define a metric space or not. If ties
exist in the matrices to be analyzed, then greatest lower
bounds are specifiable when degenerate solutions are to be
avoided. These theorems have relevance to current develop-
ments in nonmetric techniques for the monotone analysis of
data matrices.

Lingoes, J.C. THE MULTIVARIATE ANALYSIS OF QUALITA-
1968a TIVE DATA. Multivariate Bebavioral Research 3(1), 6194,

Three methods for analyzing qualitative data are introduced:
1) Multivariate Analysis of Contingencies—11 [MAC-II]
(based on the early work of Guttman, 1941), 2) Multidimen-
sional Scalogram Analysis—1 [MSA-I] (involving a unique
definition of contiguity which presupposes minimum assump-
tions), and 3) Multidimensional Scalogram Analysis—1I
[{MSA-1I] (involving graph theoretic and smallest space
logic). An outline of the basic equations and assumptions of
cach are presented. One example of a conceptual data matrix
is analyzed by both MSA-I and MSA--1I and the results are
discussed vis-a-vis a hand analysis by Guttman, imposing par-
allel straight line boundaries preserving ordered categories.
Finally, some comparisons are made between the two scalo- )
gram procedures. : '

Lingoes, J.C. THE RATIONALE OF THE GUTTMAN-LINGOES
1968b NONMETRIC SERIES: A LETTER TO DOCTOR PHILIP
RUNKEL. Multivariate Bebavioral Research 3(4), 495-507.

Lingoes, J.C. AN IBM 7090 PROGRAM FOR GUTTMAN-LINGOES
1966 SMALLEST SPACE ANALYSIS, I11. Bebavioral Science, 11,
75-76.
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Lingoes, J.C. RECENT COMPUTATIONAL ADVANCES IN NON-
METRIC METHODOLOGY FOR THE BEHAVIORAL SCI-
ENCES. Proc. Intl. Symposium —Mathematical and Computa-
tional Methods in Social Science, Rome, International Com-
putation Center, 314.

Lund, T. MULTIDIMENSIONAL SCALING OF GEOMETRICAL
1970 FIGURES. Scand. J. Psychol. 2(4), 246-54.

In two cxperiments with geonetrical figures as stimuli, con-
structed in order to generate perceptual variation of round-
ness and height, four multidimensional scaling methods were
compared. two metric and two nonmetric. The methods gave
similar solutions. The fact that the solutions could be inter-
preted in accordance with expectations points to the validity
of the methods.

McDermott, B.J. MULTIDIMENSIONAL ANALYSES OF CIRCUIT
1968 QUALITY JUDGMENTS. J. Acoustic Soc. Amer., 45(3)
774-81.

Listeners judged paired comparisons of speech samples trans-
mitted through twenty-two circuits, each of which intro-
duced a different type of distortion. One group of listeners
made preference judgments and another group made similar-
ity judgments. A different multidimensional scaling proce-
dure was applied to each set of data. Both of these proce-
dures represent the stimuli as points in a multidimensional
subjective space whose coordinates correspond to the subjec-
tive attributes underlying the judgments. The procedure ap-
plied to the preference judgments also represents the listeners
as vectors in the same subjective space. A listener’s vector is
located according to the relative weight he assigns to each
attribute. The results of these analyses revealed a high degree
of the correspondence between the three-dimensional solu-
tions representing each type of judgment. The underlying
attributes common to the two spaces are interpreted as over-
all clarity, a distinction between signal distortion and back-
ground distortion, and subjective loudness. Listeners general-
ly agree in their preferences for signals according to overall
clarity. Individual differences in preference for either signal

34

O, O

=

o

Stcat i

i
9
/
%
i
i
%
i
o~




-

or background distortion account for most of the variability
between listeners. Some additional variability is introduced
by individual differences in preferred loudness.

McDonald, R.P. NONLINEAR FACTOR ANALYSIS. Psychometric
1967 Monograph S.

McGee, V.E. A REPLY TO SOME CRITICISMS OF ELASTIC MUL-
1967 TIDIMENSIONAL SCALING. J. math. and stat. Psychol.
20(2), 243-47.

McGee, V.E. MULTIDIMENSIONAL SCALING OF N SETS OF

1968 SIMILARITY MEASURES: A NONMETRIC INDIVIDUAL
DIFFERENCES APPROACH. Multivariate Bebavioral Re-
search, 3, 233-48.

Given N sets of similarity measures between pairs of stimulus
objects, a nonmetric multidimensional scaling procedure
(known as CEMD) is proposed; the procedure allows one of
four kinds of analysis to be performed on the data. The four
types of solution are defined in terms of two binary deci-
sions: (a) whether only one configuration is allowed for all N
sets or whether each set is all b wed to have its own configura-
tion, and (b) whether the same monotonic transformation is
applicd to all N sets of input data or whether cach set is
allowed its own monotonic transformation. Where separate
configurations are allowed, the computer program seeks to
keep these solutions as similar as possible and provides an
index of the similarity of the configurations.

McGee, V.E. THE MULTIDIMENSIONAL ANALYSIS OF “ELAS-
1966 TIC" DISTANCES. Brit. J. math. stat. Psychol., 19,181-96.

Messick, S.J. and Abelson, R.P. THE ADDITIVE CONSTANT
1956 PROBLEM IN MULTIDIMENSIONAL SCALING. Psycho-
metrika, 21, 1-17.

The problem of choosing the correct additive constant to
convert relative interstimulus distances to absolute inter-
stimulus distances in multidimensional scaling is investigated.
An artificial numerical example is constructed, and various
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trial values of the constant are inserted to demonstrate the
effect on the multidimensional map of making a variety of
incorrect choices. Finally, a general solution to the problem,
suggested by Dr. Ledyard R. Tucker, is presented; each of the
computational steps of this solution is set down for easy
reference.

H.C. A “HALO"-MODEL FOR MULTIDIMENSIONAL
RATIO SCALING. Psychometrika, 35, 199-227.

A modcl for direct multidimensional ratio scaling is pre-
sented, based on the concepts “common” and “difference’
of the “halos” of two percepts. Measures of halos and their
differences are proportional to lengths of corresponding per-
cept vectors and their distance in subjective space. Ekman
type scaling judgments are assumed to reflect the ratio mea-
sure of the common/measure of the standard’s halo. The
model is supposed to yield results that are in line with the
results of distance models of multidimensional ratio scaling,
since negative scalar products of percept vectors are ad-
mitted.

H.C. and Fischer, W. THE METRIC MULTIDIMENSIONAL
PSYCHOLOGICAL SPACES AS A FUNCTION OF THE
DIFFERENTIAL ATTENTION TO SUBJECTIVE AT-
TRIBUTES. J. math. Psychol. 7(1), 118-43.

Metrics of subjective spaces are derived from a common rule
of combination: To every direction in R” is assigned a non-
negative measure which'reflects the importance of the corres-
ponding attribute. Irrespective of the metric, an overall dis-
tance is obtained by projecting the distance vector in R” on
all directions of R", weighting the Euclidean lengths of these
projections by the corresponding importance scores, and
averaging the weighted projection lengths. A particular metric
is determined by a particular distribution of importance
scores over the directions of R". The city-block metric as-
signs importance scores = 0 to a set of mutually orthogonal
directions only; the Euclidean metric assigns equal impor-
tance scores to all directions in R”. The average of min-
kowski metrics is again a Minkowski metric. -
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Munsinger, H. MULTIVARIATE ANALYSIS OF PREFERENCE

1966

FOR VARIABILITY. J. Exper. Psychol., 71, 889-95.

Two sets of studies are reported concerning the strategies of
children and adults in the approach to variability of stimula-
tion. Using (a) samples of random shapes differing in level of
variability, (b) various age groupings, and (c) a multidimen-
sional scaling procedure, evidence is presented that children
and adults differ systematically in their preference for high
stimulus variability. An explanation of the age difference is
proposed in terms of a sampling strategy on the part of chil-
dren in response to high stimulus variability. An implication
of the sampling notion was explored by presenting pairs of
shapes to adult subjects for judgments at very short exposure
durations. It was expected that at shorter exposure durations
the adults would adopt a sampling strategy similar to the
younger children and thereby generate a preference-vari-
ability function comparable to younger children. The results
confirmed this expectation.

Murrell, J.F. MULTIDIMENSIONAL SCALING OF AN AIRCRAFT

1969

HANDLING RATING SCALE. Ergonomics, 12(6), 925-33.

The items of the Cooper aircraft handling rating scale were
submitted to test pilots, who judged how far apart the items
should be on the scale. The resulting single dimension scaling
of the items does not give an equal interval scale. Analysis of
the responses by different pilots indicates that problems arise
in comparing ratings given by different users of the scale.
Action to modify the scale is suggested but this is not pro-
posed as a complete resolution of the problems raised.

Nakatani, L.G. CONFUSION-CHOICE MODEL FOR MULTIDI-

1972

[N

MENSIONAL PSYCHOPHYSICS. J. math Psychol., 9,
104-27.

The confusion-choice model for multidimensional psycho-
physics proposes the following abstraction of the stimulus
recognition process. Each stimulus S; and its correct response
R; are represented by a common point in a multidimensional
subjective space of minimum dimensionality. Presentation of
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S; yields a set of noisy proximity measures which indicate
how close each response is to S;. All the responses which are
close enough to S; according to proximity measures are con-
sidered acceptable; all other responses are unacceptable. The
observer chooses a response at random from among the ac-
ceptable responses in accord with a choice probability dis-
tribution, which may not be uniform due to response bias.
[ : The model successfully predicts the confusion matrices for
r Y color and tonc recognition experiments, including response
¢ bias effects in the data.

Norman, J.E. and David, H.A. RESTRICTED RANKING. Psycho-
1969 metrika, 34.

L : This paper is a study of certain aspects of restricted ranking,
a method intended for use by a panel of m judges evaluating
the relative merits of N subjects, candidates for scholarships,
awards, etc. Each judge divides the N subjects into R classes
‘ so that n; individuals received a grade i (i=1,2, ..,R, Zn; =
|

o

pea

N) where the R numbers n; are close to N/R (n; = N/R when
N is divisible by R) and are preassigned and the same for all
11 judges. This method is superior in several respects to other
likely altcrnatives. Under the null hypothesis that all nR =N
subjects are of equal merit, four tests of significance are de-
& veloped. The cffectiveness of the method is investigated both
; theoretically by means of the asymptotic relative efficiency
and morc generally by simulation studies. When the numbers
n; are not restricted to values close to or equal to N/R, but
instead are given values conforming to a normally distributed
, pattern, the resulting method is known as the Q-sort, so des-
. ignated by certain investigators in psychotherapy. The simu- ;
lation studies reveal that restricted ranking is only slightly ?
¢ inferior to complete ranking and generally superior in the

» cases considered to the Q-sort, although there are likely to be

other situations when the latter is superior.

o
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Osborne, D.K. FURTHER EXTENSIONS OF A THEOREM OF DI-
1970 MENSIONAL ANALYSIS. J. math. Psychol., 7, 236-42.

This paper cxtends the Luce cxtension of the dimensional
analysis theorem to cover ordinal and log interval scales. It




shows (1) that no complex of dimensionally distinct interval
or log interval scales maps into an ordinal scale; (2) that a
complex of dimensionally distinct ratio scales maps into a log
interval scale only by the power function f(x;, x,,..) = K
% x. where K is greater than 0 and a; is not equal to 0
are arbitrary, and the function A4 exp f(x,, x,, ...), where A is
greater than O is arbitrary; and (3) a complex of ratio scales
maps into an ordinal scale by any increasing monotonic func-
tion of f(x,, x,, ...), and by no other function. Adjoined to
the Luce results, these complete the analysis of all combina-
tions of “independent™ and *‘dependent” scales of the ratio,
interval, log interval, and ordinal type.

Pearson, K. ON LINES AND PLANES OF CLOSEST FIT TO
1901 SYSTEMS OF POINTS IN SPACE. Philosophical Magazine,
6(2), 559-72.

In many physical, statistical, and biological investigations, it
is desirable to represent a system of points in plane, three, or
higher dimensioned space by the ‘‘best-fitting™ straight line
or plane.

Richardson, M.W. MULTIDIMENSIONAL PSYCHOPHYSICS.
1938 Psychol. Bulletin, 35, 659-60.

The traditional psychophysical methods are limited to one
dimension or linear continuum. In those situations in which
the basis for psychophysical judgments is a complex of vari-
ables instead of a single variable, it has been necessary to be
content with an inferior one-dimensional approximation. The
present study is concerned with the extension of psycho-
physical methods to more than one dimension..

Ross, J. A REMARK ON TUCKER AND MESSICK'S “POINTS OF
1966 VIVW™ ANALYSIS. Isychometrika, 31(1), 27-31.

It is shown that to combine readings from “points of view"
configurations as assumed in Tucker and Messick's model is
not to combine configurations in any simple way. Both ¢m-
pirical and logical consequences of the disparity are dis-
cussed.

39

ULARRAR RGN P B

ARSI LS M - ST, A

A




Ross, J. THE RELATION BETWEEN TEST AND PERSON FAC-
1963 TORS. Psychol. Review, 70, 432-43.

There has been considerable dispute about whether R (test)
and Q (person) factoring of the same data produces the same
or different factors. This paper attacks the problem by con-
sidering the differences produced in factor configurations by
operation on the data preliminary to or inherent in factoring
onc way or the other. It is concluded that although the na-
ture of the factors does not change in any qualitative way,
configurations may be altered sufficiently to make it appear
that they have, and that it is therefore important to consider
questions of sampling and measurement in evaluating the re-
sults of any factor analysis..

Ross, J. and DiLollo, V. A VECTOR MODEL FOR PSYCHOPHYSI-
1968 CALJUDGMENT. J. Exper. Psychol., 77(3), 1-6.

Rumethart, D.L. and Greene, J.G. SIMILARITY BETWEEN STIMU-

1971

a2 L

Ll AN EXPERIMENTAL TEST OF THE LUCE AND
RESTLE CHOICE MODELS. J. math. Psychol., 8, 370-81.

A set of choice alternatives was constructed to test Restle’s
(1961) hypothesis about the role of similarity between alter-
natives in choice behavior. The set contained names of three
political figures, three actresscs, and three athletes, with the
intention of producing considcrab'e similarity within subsets
and minimal similarity between subsets. Subjects were asked
to select the individual with whom they would prefer to
spend an hour of conversation. Paired-comparison choice
data from 234 college subjects were consistent with cxpecta-
tions bascd on Restle’s model, and disconfirmed Luce’s
(1959) stronger model which docs not take similarity into
account. Mcasurements of response strength for choosing the
individual afternatives. and of perceived similarity between
pairs of alternatives can be obtained using Restle’s model,
and the present test provides evidence for the validity of such
measurements. Finally, Restle’s model is shown to be indis-
tinguishable from a modification of Thurstone’s (1927) Case
V, where the assumption of zero corrclation is relaxed to
permit nonnegative correlations between pairs of discriminal
dispersions.
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Sayeki, Y. ALLOCATION OF IMPORTANCE: AN AXIOM SYS-
1972 TEM. J. math. Psychol., 9, 55-65.

The proposed axiom system yields utility functions for dif-
ferent orderings of multidimensional objects, functions that,
for each ordering, are expressed as sums of real-valucd func-
tions, called constituent functions, weighted by their corres-
ponding importance measure. Each constituent function is a
function specific to each dimension, and importance mea-
surcs are positive or negative real numbers. It is shown that if
the axioms hold, the constituent functions remain . the sume
for all dgifferent orderings, while only the importance mea-
sures dictate the change of ordering. The axioms are stated in
terms of a person’s choice behavior under various circum-
stances,

Schoenemann, P.H. AN ALGEBRAIC SOLUTION FOR A CLASS
1972 OF SUBJECTIVE METRICS MODELS. Psychometrika, 37,
441-51.

It is shown that an obvious generalization of the subjective
metrics model by Bloxom, Horan, Carroll and Chang has a
very simple algebraic solution which was previously con-
sidered by Mercdith in a different context. This solution is
readily adapted to the spccial case treated by Bloxom, Horan,
Carroll and Chang. In addition to being very simple, this
algebraic solution also permits testing the constraints of these
models explicitly. A numerical example is given.

Schoenemann, P.H. ON METRIC MULTIDIMENSIONAL UNFOLD—
1970 ING. Psychometrika, 35, 349-66. !

The problem of locating two sets of points in a joint space, )
given the Euclidean distances between elements from distinct
sets, is solved algebraically. For error free data the solution is
exact; for fallible data it has least squares properties.

Schoenemann, P.H. and Wang, M.W. AN INDIVIDUAL DIFFER-
1972 ENCE MODEL FOR THE MULTIDIMENSIONAL ANALY-
SIS OF PREFERENCE DATA. Psychometrika, 37, 275-308.
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A model for the analysis of paired comparison data is pre-
sented which combines features of the BTL-model with fea-
tures of the Unfolding model. The model is metric, mathe-
matically tractable, and has an exact algebraic solution. Since
it is multidimensional and allows for individual differences, it
is thought to be more realistic for some choice situations
than either the Thurstone model or the BTL-model. No claim
is made that the present model will be appropriate for all
conccivable choice situations. Rather, it is argued that the
fact that it is explicitly falsifiable is a point in its favor.

Shanteau, J.C. and Anderson, N.H. TEST OF A CONFLICT MODEL
1969 FOR PREFLRENCE JUDGMENT. J. math. Psychol., 6(2),

213-325.

Subjects rated their preference between pairs of sandwiches,
drinks, or sandwich-drink combinations. Us: of factorial de-
signs allowed simple tests of a subtractive model for prefer-
ence. The results gave considerable support to the model,
although some discrepancies were obtained. These seemed to
stem partly from idiosyncratic discrepancies in a few sub-
jects, partly from certain number preferences by the subjects
as a group. In addition, two methods of estimating the scale
values of the prefercnce alternatives were compared. Model-
based cstimates appeared to be superior to independent rat-
ings of the single alternatives. Finally, it was noted that the
results tended to validate the use of rating scales to measure
preference and, more gencrally, to support a functional the-
ory of measurement.

Shepard, R.N. METRIC STRUCTURES IN ORDINAL DATA. J.
1966 math. Psychol., 3, 287-315.

Under appropriate conditions, data merely about the “‘order-
ing” of objects—or of the separations betweer objects—is
sometimes sufTicient to fix the positions of those objects on
an essentially numerical scale. This paper uses both mathe-
matical and “Monte Carlo” results to establish and clarify the
possibility of thus extracting metric information from purely
ordinal data for two multidimensional cases: Analysis of
proximitics, in which one is given a single rank order of all
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n(n - 1)/2 pairs of n objects with respect to psychological
similarity or “proximity”; and nonmetric factor analysis, in
which one is given a different rank order of n different indi-
vidual objects with respect to each of m psychological at-
tributes. As n (and m) increase, the ordinal data are found to
determine a spatial representation of the objects more and
more nearly within a general similarity transformation, in the
case of nonmetric factor analysis. Extensions of these results
to other cases are also considered.

Shepard, R.N. ANALYSIS OF PROXIMITIES AS A TECHNIQUE
1963 FOR THE STUDY OF INFORMATION PROCESSING IN
MEN. Human Factors, 5, 33-48.

Shepard, R.N. THE ANALYSIS OF PROXIMITIES: MULTIDIMEN-
1962a SIONAL SCALING WITH AN UNKNOWN DISTANCE
FUNCTION-1. Psychometrika, 27(2), 125-40.

A computer program is described that is designed to recon-
struct the metric configuration of a set of points in Euclidean
space on the basis of essentially nonmetric information about
that configuration. A minimum set of Cartesian coordinates
for the points is determined when the only available informa-
tion specifies for each pair of those points—not the distance
between them-but some unknown, fixed monotonic func-
tion of that distance. The program is proposed as a tool for
reductively analyzing several types of psychological data, par-
ticularly measures of interstimulus similarity or confusability,
by making explicit the multidimensional structure underlying
such data.

Shepard, R.N. THE ANALYSIS OF PROXIMITIES: MULTIDIMEN-
1962b SIONAL SCALING WITH AN UNKNOWN DISTANCE
FUNCTION-11. Psychometrika, 27(3), 219-46.

The first in the present series of two papers described a com-
puter program for multidimensional scaling on the basis of
essentially nonmetric data. This second paper reports the re-
sults of two kinds of test applications of that program. The
first application is to artificial data generated by monotoni-
cally transforming the interpoint distances in a known spatial
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configuration. The purpose is to show that the recovery of
the original metric configuration does not depend upon the
particular transformation used. The second application is to
measures of interstimulus similarity and confusability ob-
tained from some actual psychological experiments.

‘Shepard, R.N. and Carroll, J.D. PARAMETRIC REPRESENTATION
1966 OF NONLINEAR DATA STRUCTURES. In P.R. Krishnaiah,
} Multivariate Analysis I, 561-92.

A problem that arises in many different contexts is that of
determining the smallest set of ‘“‘independent™ variables
necessary to account for a redundant set of observed vari-
ables. Principal-components analysis or linear factor analysis
are ideally suited to deal with this problem when the redun-
dancy of the observed variables is attributable to their “lin-
car” dependence on a smaller set of underlying variables. In a
variety of applications of scientific interest, however, this
dependence is severely nonlinear. In such cases, these existing
techniques will fail to reduce the observed variables to an
optimally parsimonious representation; the number of re-
covered dimensions will necessarily exceed the true degrees
of freedom inherent in the data. The thesis of this paper is
that solutions to this more general, nonlinear problem are
feasible only provided that the functional dependence of the

et o 2 e s e

4 observed variables on the underlying “latent” variables is suf-
ficiently smooth or “continuous”. Two different approaches
e to this problem are presented, together with illustrative ap-

plications. Both approaches use iterative processes on a digi-
tal computer to find a representation of the vectors of ob-
s served variables as points in a Euclidean space of the smallest
possible dimensionality.

Shepard, R.N. and Chipman, S. SECOND-ORDER ISOMORPHISM
1970 OF INTERNAL REPRESENTATIONS: SHAPES OF
STATES. Cognitive Psychology, 1, 1-11.

It is argucd that, while there is no structural resemblance
between an individual internal representation and its corres-
ponding cxternal object, an approximate parallelism should
nevertheless hold between the relations among different
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internal representations und the relations among their corres-
ponding external objects. In support of this *“‘second-order”
type of isomorphism, subjective judgments of the similarities
among the shapes of 15 states of the U. S. are found (a) to be
very much the same whether the states to be compared are
pictorially displayed or only imagined, and (b) to be related,
in both cases to identifiable properties of their actual carto-
graphic shapes.

Sherman, C.R. NONMETRIC MULTIDIMENSIONAL SCALING: A
1972 MONTE CARLO STUDY OF THE BASIC PARAMETERS.

Psychometrika, 37, 323-55.

Metric determinacy of nonmetric multidimensional scaling
was investigated as a function of the number of points being
scaled, the amount of error in the data being scaled, and the
accuracy of estimation of the Minkowski distance function
parameters, dimensionality and the r-constant. It was found
that nonmetric scaling may provide better models if (1) the
true structure is of low dimensionality, (2) the dimension-
ality of recovered structure is not less than the dimension-
ality of the true structure, (3) degree of error is low, and (4)
the degrees of freedom ratio is greater than about 2.5. It was
also found that (5) accurate estimation of the Minkowski
constant leads to a better model only if the dimensionality
has been properly estimated.

Sjoberg, L. THE DIMENSIONALITY PARADOX IN COMPARA-
1968 TIVE JUDGMENT: A RESOLUTION. Scand. J. Psychol., 9,

2

97-108.

It has often been possible to erect unidimensional scales even
when stimuli have been clearly multidimensional. This fact is
surprising since one expects the multidimensional structure
to be reflected in the data. It is suggested that this structure
might be recovered from dispersions of comparative judg-
ments. The suggestion is shown to be valid on three sets of
paircd comparison data. Implications for uni- and multi-
dimensional scaling are discussed.
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Skager, R.W., Schultz, C.B. and Klein, S.P. THE MULTIDIMEN-

1966

Slater,
1960

AL

SIONAL SCALING OF A SET OF ARTISTIC DRAWINGS:
PERCEIVED STRUCTURE AND SCALE CORRELATES.
Multivariate Bebavioral Research 1(4), 425-36.

Product-centered research on creativity approaches the cri-
terion problem of what is to be the referent for creativity
through the analysis of tangible products such as art objects,
writing, or scientific achievements. The present research is
concerned with the evaluation and study of artist drawings
contributed by sophomore students at the Rhode island
School of Design. Multidimensional scaling methods were ap-
plicd to similarity judgments obtained from art experts on
two separate sets of 25 drawings. Three similarity dimensions
accounted for the interstimulus distances for each set of
drawings. Although no statistical test was available, the di-
mensions from the two sets appeared to correspond. Scale
values of 4 drawings common to the two sets were consistent,
and the dimensions appeared to define very similar stimulus
characteristics. It was concluded that multidimensional scal-
ing procedures provided a means for differentiating among a
set of complex, esthetic products. Scale values of drawings on
the three dimensions also correlated differentially with cogni-
tive and achievement measures available on the students, sug-
gesting that product dimensions identified via similarity judg-
ments were related to characteristics of individuals producing
the products. Hypotheses were developed as to the psycho-
logical meaning of the three product dimensions.

R. THE ANALYSIS OF PERSONAL PREFERENCES. Brit.
J. stat. Psychol., 13, 119-35.

A procedure is explained for the construction of preference
tables which set out in a systematic scheme the results ob-
taincd by using the method of ranks, paired comparison, or
some other type of multiple comparison; the detailed proper-
ties of such tables are described. Such a table may be used to
exhibit the dispersion of objects in a multidimensional space
of individuals’ preferences or the dispersion of individuals in
a space of preferences for objects. The two devices are shown

J.

2 i G

A




to be complementary. Methods of analyzing and studying
tables of this kind are discussed and illustrated..

Solomon, L.N. SEARCH FOR PHYSICAL CORRELATES TO
19592 PSYCHOLOGICAL DIMENSIONS OF SOUNDS. J. Acoustic
Soc. Amer., 31, 49297,

Twenty passive sonar recordings were runked by fifty sub-
jects in terms of their aurally perceived (psychological) char-
acteristics on seven different dimensions. Correlations were
run between octave band sound pressure level measurement
of the sounds and their rank orders on the seven psycho-
logical dimensions. Meaningful relationships were found be-

tween ranks on certain psychological dimensions and energy
‘ concentration within certain octave bands. Also an analysis

was made of the manner in which the twenty sounds clus-
b tered within the space defined by the seven psychological
dimensions. Analyses of these sound clusters revealed that
the rhythmic beat pattern of the stimulus is a principal at-
tribute upon which sonar men base their judgments of simi-
larity.

Solomon, L.N. SEMANTIC REACTIONS TO SYSTEMATICALLY
7 1959b VARIED SOUNDS. J. Acoustic Soc. Amer., 31(7), 986-89.

_ Noise bands simulating passive sonar sounds were varied in
b terms of ‘“‘spectrum” (bund passed from 150-600 cps, or

600-2400 cps, or 24009600 cps); in terms of amplitude
modulation (simulated screw beats) at “beat rates” of 0, 3, §,
or |l per second; and in terms of presence or absence of ;
-~ “accent™ within a group of four beats. Every combination of |

these parameters (twenty-one in all, not twenty-four, since at 4
zero beat rate there can be no accent) was rated by twenty )
subjects in terms of their aurally perceived characteristics on i
fifteen scales representing seven different dimensions. Analy- 3
sis was made of the manner in which the twenty-one sounds 3
clustered within the space defined by the seven psychological
dimensions. Two major clusters of sounds were observed, dif-
ferentiated primarily on the basis of band pass condition
(high frequency versus low frequency). Exceptions to this
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1690, T AT 1S R A R = T S R B R G
) - S




general rule were analyzed to reveal the interactions between
band pass condition, beat rate, and accent.

Solomon, L.N. SEMANTIC APPROACH TO THE PERCEPTION OF
1958 COMPLEX SOUNDS. J. Acoustic Soc. Amer., 30, 421-25.

In an attempt to derive a limited number of descriptive adjec-
tives with which to characterize passive sonar sounds, 50 U.S.
Navy sonarmen (median sonar experience of one year) rated
twenty different passive sonar sounds on fifty seven-point
scales defined by polar-opposite adjectives (e.g., heavy-light).
The intercorrelations between scales (calculated over both
subjects and sounds) were factor analyzed by the Thurstone
complete centroid method. Seven interpretable orthogonal
factors (accounting for approximately 40% of the variance of
judgments) were extracted from the data. The gencrality of
the methodology for psychological research on auditory per-
ceptions is considered and suggestions for research along
these lines are presented.

Spence, I. A MONTE CARLO EVALUATION OF THREE NON-
1972 METRIC MULTIDIMENSIONAL SCALING ALGORITHMS.
Psychometrika, 37, 461-86.

As a consequence of the complexity of the iterative optimum
seeking procedures used by practical nonmetric multidimen-
sional scaling algorithms, many of their computational prop-
erties have not been well understood. In particular, the fol-
lowing questions are of interest: (a) from the user’s point of
view, arc there significant differences between alternative
available programs, (b) are suboptim.i solutions frequently
encountered, and how does this depend on the characteristics
of the algorithim? Using Monte Carlo tecuniques to gencerite
dissimilarity matrices with known underlying configurations,
Kruskal’'s M-D-SCAL, Guttman-Lingoe’s SSA-l, and Young-
Torgerson’s TORSCA-9 programs were compared. It was
found: (a) that differences between the solutions obtained by
the algorithms were typically so small as to be of little practi-
cal importance, (b) deviant solutions were occasionally pro-
duced by each of the algorithms, but most often by
M-D-SCAL, and furthermore, most frequently in one dimen-
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sion. The likelihood of being trapped in a nonoptimal posi-
tion is reduced by a good choice of initial configuration, and
also possibly by constructing the iterative process to favor
the possibility of stepping over small local depressions when
far from the location of the optimum. The conclusions of
this study are based on a total of 2160 scaling solutions.

Stenson, H.H. and Knoll, R.L. GOODNESS-OF-FIT FOR RANDOM
1969 RANKINGS IN KRUSKAL’S NONMETRIC SCALING PRO-
CEDURE. Psychol. Bulletin, 71,122-26.

Random input data were analyzed with Kruskal’s nonmetric
scaling program in order to establish null hypothesis for the
goodness-of-fit measure. Various numbers of hypothetical
stimuli were analyzed using the Euclidean distance metric in
various dimensionalities. The effects of tied ranks were stud-
ied.

Stone, L.A. and Coles, G.J. DIMENSIONS OF COLOR VISION RE-
1971  VISITED. J. of Psychol., 77, 719-87.

Taylor, J.B. RATING SCALES AS MEASURES OF CLINICAL

1968 JUDGMENT: A METHOD FOR INCREASING SCALE RE-
LIABILITY AND SENSITIVITY. Educ. ¢ ad Psychol. Mea-
surement, 28(3), 7147-66.

Rating scales are perhaps the most commonly used measure-
ment techniques in psychology, and certainly the most ne-
glected. Their seeming simplicity may have worked against
them: anybody can construct a rating scale, but it takes re-
search sophistication to develop satisfactory multi-item mea-
sures. As a result, this area of psychometrics has been
slighted, while other more glamorous areas have received
much more attention. Yet rating scales may have potential-
itics hitherto overlooked. The authors consider several ways
in which rating scales can be improved and their performance
brought to the level of other measurement techniques. The
initial applications scem promising: with the techniques pre-
sented in this paper rating scales have shown a marked in-
crease in interjudge reliability and a marked decrease in re-
sponse-set error, even with highly complex clinical judg-
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i ments. The techniques themselves are notably simple, con-
venient, and cconomical, and should be applicable to a wide
range of problems.

Thomas, H. SPATIAL MODELS AND MULTIDIMENSIONAL
1968 SCALING OF RANDOM SHAPES. Amer. J. Psychol. 81(4),
551-8.

R

Eighth grade children (N = 232) and college adults (VN = 218)
; made similarity judgments to 20 random shapes varying in
complexity. The judgments were scaled using Kruskal’s non-
metric scaling procedure. For both groups the data fit a
Euclidean solution as well as or better than various Minkow-
ski metrics. for varying numbers of dimensions. In particular,
the data most poorly fit the ‘city-block’ metric. Results indi-
cated the data can be accounted for in either a one- or two-

i

i dimensional space. The fist dimension was labeled ‘complex-
: ity’. the second dimension was tentatively labeled ‘sym-
- metry.’
Torgerson, W.S. MULTIDIMENSIONAL SCALING OF SIMILAR-
& 1965 ITY. Psychometrika, 30, 379-93.
t Torgerson, W.S. DISTANCE AND RATIOS IN PSYCHOPHYSICAL
% 1961 SCALING. Acta Psychologica, 19, 201-205.
&
& In spite of all of the research that has been carried out ¢er
2 the past 100 years, an empirical answer to the question of che
;’ form of the psychophysical law is not yet available. Fechner’s '
. g sensitivity approach leads to a logarithmic relation, as do the |
related discriminability models of Thurstone and Garner. The %
magnitude and ratio estimation methods, on the other hand, r
) lead to a power relation. Which is correct? If what | suspect
L ‘: to be so is the case, the issue cannot be decided on empirical |
iﬂ grounds, because an empirical basis for the decision simply
; 3 does not exist. Though we can, of course, choose to regard i
one or the other as the correct form, if we do, it will only be |
a decision, not a discovery. In order to show why this scems
} ; to be so, it is necessary to look at some of the characteristics
: of the number system that we use in developing a scale of an
F ¥ attribute: numbers from two different commutative groups -
¥
£
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one with respect to the operation of addition, and one with
respect to the operation of multiplication. They also have the
characteristic that multiplication distributes over addition.
These two commutative groups plus the distributive law are
all we need for ordinary algebra.

Torgerson, W.S. THEORY AND METHODS OF SCALING. New
1958 York: Wiley and Sons.

Tucker, L.R. RELATIONS BETWEEN MULTIDIMENSIONAL
1970 SCALING AND THREE-MODE IFACTOR ANALYSIS.
Psychometrika, 37, 3-27.

A combination is achicved of two lines of psychometric inter-
est: a) multidimensional scaling and b) tactor analysis. This is
accomplished with the use of three-mode factor analysis of
scalar product matrices, one for each subject. Two of the
modes are the groups of objects scaled and the third mode is
the sample of subjects. Results are an object space, a person
space, and a system for changing weights given dimensions
and of angles between dimensions in the object space for
individuals located at different places in the person space.
The development is illustrated with data from an adjective
similarity study.

Tucke-, L.R. SOME MATHEMATICAL NOTES ON THREE-MODE
1966 FACTOR ANALYSIS. Psychometrika, 31, 279-311.

The model for three-mode factor analysis is discussed in
terms of newer applications of mathematical processes in-
cluding a type of matrix process termed the “Kronecker
product™ und definition ol combination variables. Three
methods of analysis to a type of extension of principal com-
ponents analysis are discussed. Two methods are applicable
to analysis of data collected for a large sample of individuals.
An extension of the model is described in which allowance is
madc for unique variance for each combination variable when
the data are collected for a large sample of individuals.

Tucker, L.R. INTRAINDIVIDUAL AND INTERINDIVIDUAL
1960 MULTIDIMENSIONALITY. In Gulliksen and Messick,
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Psychological Scaling: Theory and Applications. New York:
Wiley and Sons.

Quantitative study of psychological phenomena traditionally
has analyzed the problems into two aspects: generalized laws
of response to varying stimulus conditions, and laws for indi-
vidual differences in responses to given stimuli. This analysis
arises quite naturally from the duality of characteristics of
the individual and of his environment. Each individual brings
to the psychological experiment his various capabilities and
predispositions, his attitudes and personnlity traits and, in-
deed, his protoplasmic make-up. In contrast, the experi-
mental environment is more or less under the control of the
experimenter who may devise the sequence of particular
stimuli and form of the responses to be made by the indi-
vidual. The cxperimenter may endeavor to establish certain
sets in the individual by instruction or by experimental
manipulation. In a classical experiment on rcaction time, for
example, the subject may be trained to take a motor set such
that he is primed to react whenever a stimulus triggers this
action. An observed response thus depends on (a) the stimu-
lus condition, and (b) the individual. Differential emphasis
between these two aspects has led to two corresponding lines
of developments.

Tucker, L.R. and Messick, S. AN INDIVIDUAL DIFFERENCES
1963 MODEL FOR MULTIDIMENSIONAL SCALING. Psycho-

metrika, 28(4), 333-67.

A quantitative system is presented to permit the determina-
tion of separate multidimensional perceptual spaces for indi-
viduals having different viewpoints about stimulus interrela-
tionships. The structure of individual differences in the per-
ception of stimulus relationships is also determined to pro-
vide a framework for ascertaining the varicties of consistent
individual viewpoints and their relationships with other vari-
ables.

Tversky, A. INTRANSITIVITY OF PREFERENCES. Psychol. Rev.,
1969 76(1), 3148.
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It is shown that, under specified experimental conditions,
consistent and predictable intransitivities can be demon-
strated. The conditions under which intransitivities occur and
their relationships to the structure of the alternatives and to
processing strategies are investigated within the framework of
a general theory of choice. Implications for the study of
preference and the psychology of choice are discussed.

Tversky, A. and Krantz, D.H. THE DIMENSIONAL REPRESENTA-

1970

TION AND THE METRIC STRUCTURE OF SIMILARITY
DATA. J. math. Psychol., 7, 572-96.

A set of ordinal assumptions, formulated in terms of a given
multidimensional stimulus set, is shown to yield an essential-
ly unique additive difference measurement of dissimilarity, or
psychological distance. According to this model, dissimilarity
judgments between multidimensional objects are regarded as
composed of two independent processes: an intradimensional
subtractive process, and an interdimensional additive process.
Although the additive difference measurement model gen-
eralizes traditional metric models, the conditions under
which it satisfies the metric axioms impose severe restrictions
on the measurement scales. The implications of the results
tor the representation of similarity data by metric and/or
dimensional models are discussed.

Tversky, A. and Krantz, D.H. SIMILARITY OF SCHEMATIC

1969

FACES: A TEST OF INTERDIMENSIONAL ADDITIVITY.
Perception and Psychopbysics, 5(2), 124-28.

In this study we obtained direct and comparative judgments
of the dissimilarity between schematic faces varying on three
binary attributes. These data were used to test the hypothesis
that the ovcrall dissimilarity between faces can be decom-
posed (in an ordinal sense) into three additive components,
one for each attribute. The hypothesis was strongly con-
firmed by both the direct and the comparative judgments.

. The study illustrates the possible usefulness of the measure-
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ment-theoretic analysis of simple combination rules for
psychological dimensions.
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Walters, H.A. and Jackson, D.N. GROUP AND INDIVIDUAL REG-

1966 ULARITIES IN TRAIT INFERENCE: A MULTIDIMEN-
SIONAL SCALING ANALYSIS. Multivariate Bebavioral Re-
search, April, 145-63.

This study concerned regularities in trait inference, the man-
ner in which limited information about another person is
used to form a consistent total impression. An individual
differences model for multidimensional scaling was appraised
as a method for faithfully structuring both broad culturally-
determined standards, and differently-structured points of
view. Judgments of likelihood of joint occurrence of trait
pairs and measures of cognition were obtained from 139 sub-
jects. Scaling analyses resulted in two poirts of view, the
largest of which yielded dimensions of interpersonal affectiv-
ity, harmfulness, and charitableness. Separate analyses of ran-
domly divided groups yielded indices of dimension stability
ranging up to .99. The results support the view that the mul-
tidimensional scaling model can serve well to explain and
order trait inference data.

Wedin, L. DIMENSION ANALYSIS OF THE PERCEPTION OF
1969 MUSICAL STYLE. Scand. J. Psychol., 10, 97-108.

The subjective similarity of ten short excerpts from musical
works ranging over the period of 1720-1890 was studied by
(1) the direct multidimensional ratio scaling method and (2)
by the method of similarity analysis. Factor analysis ex-
tracted three or four factors depending on the degree of
musical training of the subjects. The differentiation and inter-
pretability of the factors were higher for subjects with more
musical training and interest. The factors were labeled ‘Ba-
roque,” ‘Rococo,’ ‘Viennese classicism,” and ‘Romanticism.’

Wilk, M.B. and Gnanadesikan, R. GRAPHICAL METHODS FOR IN-
1964 TERNAL COMPARISONS IN MULTIRESPONSE EXPERI-
MENTS. Annals Math. Statist., 35, 613-31.

Wish, M. COMPARISONS AMONG MULTIDIMENSIONAL STRUC-

1970 TURES OF NATIONS BASED ON DIFFERENT MEA-
SURES OF SUBJECTIVE SIMILARITY. General Systems,
15, 55-56. :
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Young, F.W. NONMETRIC MULTIDIMENSIONAL SCALING: RE-
1970 COVERY OF METRIC INFORMATION. Psychometrika, 35,

455-73.

The degree of metric determinancy afforded by nonmetric
multidimensional scaling was investigated as a function of the
number of points being scaled, the true dimensionality of the
data scaled, and the amount of error contained in the data
being scaled. In was found (1) that if the ratio of the degrees
of freedom of the data to that of the coordinates is suf-
ficicntly large, then metric information is recovered cven
when the random error is present; and (2) when the number
of points bcing scaled increases, the stress of the solution
increases even though the degree of metric determinancy in-
creases.

Young, F.W. and Cliff, N. INTERACTIVE SCALING WITH INDI-
1972 VIDUAL SUBIJECTS. Psychometrika, 37, 385-415.

A metric multidimensional scaling (MDS) procedure based on
computer-subject interaction is developed, and an experiment
designed to validate the procedure is presented. The interac-
tive MDS system allows generalization of current MDS sys-
tems in two directions: (a) very large numbers of stimuli may
be scaled; and (b) the scaling is performed with individual
subjects, facilitating the investigation of individual as well as
group processes. The experiment provided positive support
for the interactive MDS system. Specifically, (a) individual
data are amenable to meaningful interpretation, and they
provide a tentative basis for quantitative investigation; and
(b) grouped data provide meaningful interpretive and quanti-
tative results which are equivalent to results from standard
paired-comparisons methods.

Young, G. and Householder, A.S. A NOTE ON MULTIDIMENSION-

AL PSYCHOPHYSICAL ANALYSIS. Psychometrika, 6.

On viewing Thurstone’s psychophysical scale from the point

of view of the mathematical theory of one-parameter con-

tinuous groups, it is seen that a variety of different psycho-
logical or statistical assumptions can all be made to lead to a
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scale possessing similar properties, though requiring different
computational techniques for their determination. The natu-
ral extension to multi-dimensional scaling is indicated.

Young, G. and Householder, A.S. DISCUSSION OF A SET OF
1938 POINTS IN TERMS OF THEIR MUTUAL DISTANCES.
Psychometrika, 3, 12-22.

Necessary and sufficient conditions are given for a set of
numbers to be the mutual distances of a set of real points in
Euclidean space, and matrices are found whose ranks deter-
mine the dimension of the smallest Euclidean space contain-
ing such points. Methods are indicated for determining the
configuration of these points, and for approximating to them
by points in a space of lower dimensionality.
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Chapter 11

SINGLE ATTRIBUTE SCALING

The previous section on multidimensional scaling, although more
specialized in its coverage, includes many items which discuss the
problem of scaling in general. They should, therefore, also be con-
sulted in any study of environmental scaling. In addition, there are
many items dealing with scaling which should be mentioned, al-
though they do not use multidimensional techniques. Some of the
most important work along these lines is included in this chapter
under the general title, Single Attribute Scaling.

Torgerson, in Theory and Metbods of Scaling, collected much ma-
terial. This work has been extended by Gulliksen and Messick in
Psychological Scaling: Theory and Application. While many proce-
dures for the analysis of test scores have been evolved, little effort
has been directed at scaling the environment, except for the work
of sensory psychologists such as Stevens, and those who have taken
his work as a basis for further research. Much work has been done
in fundamental measurement, especially conjoint measurement the-
ory (Ellis and Luce, for example). This work is summarized and
extended in Foundations of Measurement by Krantz, Luce, Suppes
and Tversky (New York, Academic Press, 1971).
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SINGLE ATTRIBUTE SCALING

Adams, E.W., Fagot, R.F. and Robinson, R.E. ON THE EMPIRICAL
1970 STATUS OF AXIOMS IN THEORIES OF FUNDAMENTAL
MEASUREMENT. J. math. Psychol., 7, 379-409.

If one regards the purpose of axiomatization in fundamental
measurement theory as being that of exhibiting directly test-
able sets of conditions (the axioms) that are necessary and/or
sufficient guarantee the existence of numerical representa-
tiors (numerical measurements) of certain kinds, then it :
should be clear that most of the axiom systems that have $
been given in measurement theory do not realize this objec-

tive. This raises the question of precisely what the empirical i
content is of axioms in theories of fundamental measure-

ment. The basic concept in terms of which the formal results é{

of the authors are stated is that of data equivalence between b

two theories. Roughly, two theories are data equivalent if

and only if they are consistent with exactly the same finite

sets of basic ‘‘observation™ statements. The significance of i
data cquivalence is that il two theories are data equivalent {é
and their primitive notions are given the same interpretation, *
then no experimental test can refute one without refuting the {iﬁi
other. The authors are able to show, for example, that certain &

axioms (Archimedean and continuity conditions) are purely
“technical™ in the sense that the theory with the axiom in
question is data equivalent to the theory without the axiom,
whereas certain other axioms, previously treated as technical,
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are indirectly testable; i.e., have testable consequences when
considered in combination with other directly testable
axioms. The concept of data equivalence is used to analyze
the Luce-Tukey axioms for conjoint measurement, axiom
systems for interval measurement, for additive and bisection
(Pfanzag!), and for extensive measurement (Suppes).

Anderson, NH. FUNCTIONAL MEASUREMENT AND PSYCHO-
1970 PHYSICAL JUDGMENT. Psychol. Review, 77, 153-70.

Functional measurement theory is applied to four experi-
mental situations in psychophysical scaling. Two judgment
; models are considered: additive and multiplicative. These are
first applicd to a psychophysical averaging task and to a ratio
. estimation task in which the numerical response is assumed
; to be a valid and proper measure of subjective magnitude. It
| : is shown that factorial designs and analysis of variance proce-
dures not only provide tests of the models but also scales of
the independent, stimulus variables. Next multisection (in-
cluding bisection) and ratio setting tasks are considered. For
these, the response is on the physical stimulus scale, and this
is not in general an adequate psychological scale. However,
the monotone rescaling procedure of functional measurement
provides a way to get a valid scale of the dependent, response i
variable. A robust method for distinguishing between the log
and power versions of the psychophysical law is also ob-
tained. Finally, it is argued that the experimental base of
traditional psychophysical scaling with direct, numerical re-
sponse methods is inherently too narrow to support a solu-
tion to its problems. Tasks based on psychophysical informa-
tion integration provide a broader and potentially simpler
approach to scaling. In this approach, the psychophysical law
appears as a by-product of the substantive development.
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! Atkinson, R.C., Carterette, E.C. and Kinchla, R.A. SEQUENTIAL
) 1962 PHENOMUENA IN PSYCHOPHYSICAL JUDGMENTS A
THEORETICAL ANALYSIS. Stanford University Institute

) Mathematical Studies, Soc. Sci. Tech. Report 46.

Atteneve, F. and Chambliss, D.J. AN IMPROVED METHOD FOR
r | 1957 DERIVING EQUAL-DISCRIMINABILITY SCALES FROM
RATINGS. Psychol. Bulletin, 54, 253-55.
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Barnhart, EN. A COMPARISON OF SCALING METHODS FOR
1936 AFFECTIVE JUDGMENTS. Psychol. Rev., 43(5), 387-95.

Bendig, A.W. THE RELIABILITY OF SELF-RATINGS AS A FUNC-

1953 TION OF THE AMOUNT OF VERBAL ANCHORING AND
OF THE NUMBER OF CATEGORIES ON THE SCALE. J.
Applied Psychol., 37(1), 38-41.

Bendig, A.W. and Hughes, J.B. EFFECT OF AMOUNT OF VERBAL

1953 ANCHORING AND NUMBER OF RATING-SCALE CATE-
1ORIES UPON TRANSMITTED INFORMATION. J. Exper.
Psychol., 46(2), 87-90.

Boring, E.G. FECHNER: INADVERTENT FOUNDER OF PSYCHO-
1961 PHYSICS. Psychometrika, 26, 3-8.

Boring, E.G. THE STIMULUS ERROR. Amer. J. Psychol., 32,
1921 449-71.

Ebel, R.L. ESTIMATION OF RELIABILITY OF RATINGS. Psycho-
1951  metrika, 16(4), 407-24.

A procedure for estimating the reliability of sets of ratings,
test scores, or other measures is described and illustrated.
This procedure, based upon analysis of variance, may be ap-
plicd both in the special case where a complete set of ratings
from cach of k sources is available for each of n subjects, and
in the general case where k. k,. . .. k, ratings are available
for cach of the n subjects. It may be used to obtain cither a
unique estimate or a confidence interval for the reliability of
either the component ratings or their averages. The relations
of this procedure to others intended to serve the same pur-
pose are considered algebraically and illustrated numerically.

Edwards, A.L. and Kilpatrick, F.P. SCALE ANALYSIS AND THE
1948 MEASUREMENT OF SOCIAL ATTITUDES. Psychometrika,
13(2),99-114.

This paper discusses and compares the methods of attitude

scale construction of Thurstone (method of equal-appearing
intervals), Likert (method of summated ratings), and Gutt-
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Eisler,
1962

man (method of scale analysis), with special emphasis on the
latter as one of the most recent and significant contributions
to the ficld. Despite a certain lack of methodological preci-
sion, scale analysis provides a means of evaluating the uni-
dimensionality of a set of items. If the criteria for uni-dimen-
sionality are met, the interpretation of rank-order scores is
made unambiguous, and efficiency of prediction from the set
of items is maximized. The Guttman technique, however,
provides no satisfactory means of selecting the original set of
items for scale analysis. Preliminary studies indicated that
both the Likert and Thurstone methods tend to select scal-
able sets of items und that their functions in this respect are
complementary. A method of combining the Likert and
Thurstone methods in order to yield a highly scalable set of
items is outlined. Sets of fourteen items selected by the
method have, in the two cases where the technique has been
tricd, yiclded very satisfuctory scalability.

H. ON THE PROBLEM OF CATEGORY SCALES IN
PSYCHOPHYSICS. Scand. J. Psychol., 3, 81-87.

In the first part of the paper it is shown that, if three assump-
tions are granted, the category scale must be logarithmically
related to the magnitude scale: K = alogy+8. In the second
part of the paper, the relation K = alog(ky +¢)+8 is derived,
starting from the assumptions that the category scale isa
pure function of discrimination and that discrimination is
appropriately described by the linear generalization of
Weber's law for prothetic continua. These two formulas are
then reconciled by defining the zero-point of the magnitude
scale as the point where variability vanishes.

Ekman, G., Hosman, B., Lindman, R., Ljunberg, L. and Ak:rson, C.

1967

d L

INTERINDIVIDUAL DIFFERENCES IN SCALING PER-
FORMANCE. Rep. Psychol. Lab., University of Stockholm,
No. 241.

Twenty-one subjects performed complete ratio estimation of
seven stimuli in each of six continua. Individual scales were
constructed and condensed into a measure of scale range. The
coeflicients of correlation between continua were positive
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and mostly statistically significant but much lower than the
coefficients of reliability. The results support a two-factor
hypothesis, according tohich individual differences in scaling
behavior reflect both a genuine perceptual variability and dif-
ferences in response bias.

Ekman, G. and Kunnapas, T. A FURTHER STUDY OF DIRECT
1963 AND INDIRECT SCALING METHODS. Scand. J. Psychol.,

4, 77-80.

The direct method « f ratio estimation and the indirect meth-
od of pair compari _ns were used to construct scales of the
political import:n ¢ of cleven Swedish monarchs. The scale
from pair coni,ari~ove on the assumption of Case V was a
logarithmic transfor:asiicn of the ratio estimation scale. This
is in line with the resuits obtained in several previous studies.

Ekman, G. and Kunnapas, T. MEASUREMENT OF AESTHETIC
1962 VALUE BY ‘DIRECT' AND ‘INDIRECT’ METHODS. Scand.

J. Psychol. 3(1), 33-39.

The main features of ‘direct’ and ‘indirect’ methods for
psychophysical measurement are briefly reviewed. An experi-
ment is described, where the aesthetic value of 18 specimens
of handwriting was measured by the direct method of ratio
estimation and the indirect method of pair comparisons on
the assumption of Thurstone’s Case V. The scale constructed
by the indirect method was a theoretically expected logarith-
mic function of the ratio scale obtained by the direct meth-
od. If the ratio scale is accepted as a criterion, the results
show that a true interval scale may be constructed by the
indirect method, in this experiment, provided that the as-
sumption of constant variability is replaced by an assumption
of proportional variability.

Ellis, B.D. BASIC CONCEPTS OF MEASUREMENT. Cambridge,
1966 Mass.: Cambridge University Press.

Eyman, RK. THE EFFECT OF SOPHISTICATION ON RATIO
1967 AND DISCRIMINATION SCALES. Amer. J. Psychol., 80,

520-40.
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Garner, W.R. RATING SCALE, DISCRIMINABILITY, AND IN-
1960 FORMATION TRANSMISSION. Psychol. Rev., 67(6),
343-52.

B

' The purpose of this paper is to show how information trans-
mission measures and discriminability scales can be used to
determine the optimum number of rating categories. An illus-
trative sct of data were obtained for 20 samples of handwrit-
ing with 4,6, 8, 10, 12, 16 and 20 rating categories. Informa-
tion transmission measures, after correction for sampling
bius, show a small but definite increase in discrimination up
to the 20 categories used. Discriminability scale values were
also constructed from the rating data, and the standard devia-
tions of the scale values show the same increase in discrimina-

L tion. The variance of the discriminability scale values can be
: used to estimate information transmission, and the estimates
‘ agree very well with the directly calculated information mea-

sures. It is pointed out that the optimum number of rating
categories must depend on the discriminability inherent in
the particular rated stimuli, and the optimum number of
categorics will be large compared to the measured informa-
tion transmission.

Garner, W.R. and Hake, H.W. THE AMOUNT OF INFORMATION

7 1961 IN ABSOLUTE JUDGMENTS. Psychol. Rev., 58, 446-59.
4
With absolute judgments, or stimulus ratings of stimulus cate-
‘ gorices, the judgments of an O indicatc how accurately the

g e

Operccived which of the several alternative stimuli occurred
on a particular presentation, or how much information the O
- obtained about which stimulus occurred. The amount of in-

formation which the stimuli transmit to an O can be mea-
sured in bits. This measure gives an estimate of the minimum
) ' aumber of stimulus categories which can be used to transmit
the maximum amount of information in those cases where
the coding of the events to a symbol can be done with no
error. The contingency coefficient has some of the same
properties as the amount of information. In order to select
the stimuli for maximum information transmission, a scale of
equal discriminability is required, and a technique for con-
structing such a scale is described. The scale of equal discrimi-
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nability can also be used to select stimuli which will partially
compensate for an unequal frequency distribution of the
events being represented.

Green, D.M. PSYCHOACOUSTICS AND DETECTION THEORY. J.

1966

Acoustic Soc. Amer., 32(10), 1189-1203.

This paper presents a fairly complete review of detection
theory as it is applied to certain psychoacoustic data. Detec-
tion theory is treated as a combination of two theoretical
structures: decision theory and the concept of the ideal ob-
server. The paper discusses how statistical decision theory has
been used to analyze the auditory threshold process. By
treating the threshold process as an instance of hypothesis
testing, two determinants of the process are recognized: (1)
the detectability of the signal and (2) the criterion level of
the observer. The theory provides a technique of analysis
which allows one to obtain a quantitative estimate of both
factors. The measure of signal detectability appears to be
independent of the psychophysical procedure when the
physical parameters of signal and noise are held constant. The
concept of ideal observer is reviewed with special emphasis
on the assumptions of the derivation. The usefulness of this
concept is illustrated by considering the shape of the psycho-
physical function—the function relating the detectability of
the signal to its intensity. A rather general model based on
the concept of signal uncertainty is presented which attempts
to explain this relationship.

Gulliksen, H. and Messick, S. (Eds.) PSYCHOLOGICAL SCALING:
1960 THEORY AND APPLICATION. New York: John Wiley and

Sons.

Guttman, L. A BASIS FOR SCALING QUALITATIVE DATA.
1943 Amer. Soc. Rev., 9(2), 139-50.

Hopkinson, R.G. INFLUENCE OF EXPERIENCE ON THE SENSI-
1952 TIVITY TO DISCOMFORT. Nature, 169, 40.

The sensitivity of a subject to discomfort arising from his
environment may be dependent in some degree on his
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familiarity with, or technical knowledge of, the environment.
Some cvidence to this effect has accumulated from a long
series of field studies of lighting. A subject may be uncon-
scious of glare from a bare lump over his desk until his at-
tention is directed to it, but thereafter may become aware of
glare-discomfort in other environments as well. Other work-
ers have recorded similar effects.

F.N. and Marcus, M.J. THE SUBJECT EFFECT IN JUDG-
MENTS OF SUBJECTIVE MAGNITUDE. J. Exper. Psychol.,
61(1), 404.

Forty-nine subjects judged the subjective intensitics of a
scries of weights, tastes and smells by the method of magni-
tude estimation. Individual curves of the form R =aS? were
fitted for cach S for each modality and for each two runs,
here referred to as orders. Analysis of variance of the ex-
ponents, b, obtained reveals: (a) significant primary effects of
Subjects and Modalities, (b) a significant interaction between
Modality and Subjects and (c) the removal of the interaction
in the case of taste and weight by adjusting the average b for
the two modalities ot equality. A multiplicative model being
appropriate, the power law of Stevens is revised to include an
individual exponent, hence R = aSP¢i where ¢; is appropriate
to a given S. A discussion of averaging to obtain group curves
reveals that either a logarithmic transtorm prior to averaging
or the geometric mean are logically correct, although the use
of medians should not introduce great distortion.

Jones, F.N. and Woskow, MJ. SOME EFFECTS OF CONTEXT ON

1966

THE SLOPE IN MAGNITUDE ESTIMATION. J. kExper.
Psychol, 71, 170-76.

Junge, K. THE PROBLEM OF MAGNITUDE AND CATEGORY

1962

AL

SCALES: INTERPRETATION OF RESULTS. Scand. J.
Psychol. 3(4), 215-18.

It is proposed that three main factors are responsible for the
relation between magnitude and category scales: (1) ratio

judgments on a transformed category scale, (2) interval
judgments, and (3) hybrid judgments. The last term refers to
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the tentative explanation that magnitude judgments are a
cross between pure ratio and interval judgments.

Krantz, D.H. A THEORY OF MAGNITUDE ESTIMATION AND
1972 CROSS-MODALITY MATCHING. J. math. Psychol., 9,
168-99.

The generalizations that have emerged from “‘ratio scaling” of
sensory continua include: consistency among various meth-
ods, consistency with changes in modulus, and the power
law. These generalizations pose difficulties for the commonly
held view (called here mapping theory) that *“ratio scaling’
judgments are mediated by mappings of stimuli into sensa-
tions. The main difficulty is that the ratio-like consistency
properties of cross-modality matching cannot be accounted
for by essentially nonnumerical sensations, and hence must
be treated by a process theory which assumes that cross- W\
modality matching is mediated by magnitude estimation. An

alternative process theory (relation theory) assumes that

“ratio scaling” judgments are not mediated by a property of

single stimuli (sensation) but rather by a property of pairs of

stimuli. The perceived relations of pairs (called sensation

“ratios”) are assumed to share a qualitative property of

numerical ratios. This axiom leads to a measurement repre-

sentation by ratios of psychophysical functions (sensation

functions). These psychophysical functions can be obtained f
directly by magnitude estimation provided that mental esti-
mation of length ratios and perceived sensation *‘ratios” of
length pairs are ordered alike (in fact, both correspond rough-
ly to physical length ratios). The assumed ordering of stimu-
lus pairs by sensation “‘ratios” leads to a simple account of
the various empirical consistency generalizations. Such an
ordering may also be related to other pair orderings, such as
those based on discriminability measures and on perceived
sensation “differences.”
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Levison, M. and Restle, F. INVALID RESULTS FROM THE METH-
1968 OD OF CONSTANT STIMULL Perception Psychopbys., 4,
121-22.
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The method of constant stimuli was shown to produce con-
stant errors in the direction expected by E. In an experiment,
89 subjects compared variable lines with a standard, cach §
producing a psychometric function and point of subjective
equality (PSE). Four groups differed in the particular range
of variable stimuli used; whether the stimuli averaged longer
or shorter than the standard and the mean of the variables, as
predicted by adaptation level theory. In many experiments
the set of variables is chosen on the basis of theory or pilot
studics; the present study shows that PSE will be spuriously
drawn toward the center of the variables, hence toward E's
pre-experimental expectations.

H. TESTING FOR SEQUENTIAL DEPENDENCIES. J.
Acoustic Soc. Amer., 43(1), 65-9.

Certain psychophysical procedures assume that successive re-
sponses are statistically independent. A method for testing
the validity of this assumption using the up-down procedure
is described. Two identical up-down strategies are interleaved
according to a rule designed to produce a large difference
between the resulting estimates should a sequential depen-
dency exist. The null hypothesis that no dependency exists is
postulated, and the two cstimates are compared for differ-
ences significantly larger than could have occurred by chance.
The cxpceriment reported here was designed to test the pos-
sibility that responses of the same type are more likely to
follow in sequence than would occur with statistically inde-
pendent judgments. The masked threshold for a 250-Hz tone
in wide-band noise was measured for five subjects on three
separate occasions. Two of the five subjects showed a small
but consistent difference between the two concurrent esti-
mates, indicating a slight tendency for like responses to fol-
low in sequence. The technique of interlcaving by rule may
also be of valuc in measuring hysteresis effects and in detec-
tion-thcory experiments, where it may be possible to dis-
criminate between sequential effects influencing the subject’s
sensitivity and those affecting the subject’s choice ol cri-
terion.
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Luce, R.D. ON THE POSSIBLE PSYCHOPHYSICAL LAWS. Psy-
1959 chol. Rev., 66(2), 81-95.

The following problem was considered. What are the possible
forms of a substantive theory that relates a dependent vari-
able in a continuous manner to an independent variable?
Each variable is idealized as a numerical continuum and is
restricted by its measurement theory to being either a ratio,
an interval, or a logarithmic interval scale. As a principle of
theory construction, it is suggested that transformations of
the independent variable that are admissible under its mea-
surement theory shall not result in inadmissible transforma-
tions of the dependent variable (consistency) and that the
form of the functional relation between the two variables
shall not be altered by admissible transformation of the inde-
pendent variable (invariance). This principle limits significant-
ly the possible laws relating the two continua. These results
do not hold in two important circumstances. First, if the
independent variable is a ratio scale that is rendered dimen-
sionless by multiplying it by a constant having units recipro-
cal to those of the independent variable, then either the prin-
ciple has no content or it is violated, depending upon how
one wishes to look at the matter. Second, if the variables are
discrete rather than continuous, or if the functional relation
is discontinuous, then laws other than those given in this
article are possible.

Menger, K. MENSURATION AND OTHER MATHEMATICAL CON-

1959 NECTIONS OF OBSERVABLE MATERIAL. In CW.
Churchman and P. Ratoosh, Measurement: Definitions and
Thecries, New York: John Wiley and Sons.

Miller, G.A. THE MAGICAL NUMBER SEVEN, PLUS OR MINUS
1966 TWO: SOME LIMITS ON OUR CAP.ACl’i’Y FOR PROCESS-
ING INFORMATION. Psychol. Rev., 63(2), 81-97.

Morrison, HW. TESTABLE CONDITIONS FOR TRIALS OF

1963 PAIRED COMPARISON CHOICES. Psychometrika, 28(4),
369-90.
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Munson, W.A. ISOPREFERENCE METHOD FOR EVALUATING
1962 SPEECH-TRANSMISSION CIRCUITS. J. Acoustic Soc.

Amer., 34(6), 762-74.

This exploratory paper describes a modification of the paired
comparison technique for deriving a one-dimensional scale
for rating speech transmissions systems on the busis of listen-
er preferences. The numbers on the scale, which run from 0
to 100, are called “Transmission Preference Units™ (TPU)
and are intended to be used to evaluate any speech transmis-
sion system, regardless of the noise or distortion encoun-
tered, provided the system is less preferred than the reference
condition, namely, real speech at | m. If the TPU ratings for
two transmission systems are known, it is believed that the
difference can be used to predict the percentage of users who
would prefer the system with the higher rating. Subjective
listening experiments have been conducted with a small
group averaging seven observers for rating a large number of
speech transmission conditions on the TPU scale. Equal
preference contours were determined on speech level-noise
level planes for several different frequency bands. The listen-
ing tests require only simple A-B preference comparisons of
two bricf samples of speech heard consecutively. The data
suggest that the basic requirement of transitivity essential for
a simple useful one-dimensional rating scale may be satisfied
for many types of transmission conditions. Thus if transmis-
sion condition A is judged to cqual condition B in preference,
and condition B equals C, then A and C were also found to
be judged equal. This apparently holds even though A, B, and
C are circuits differing widely in their physical parameters.
This study is reported at this stage in the hope that other
laboratories may become interested in checking and extend-
ing the limited scope of the work reported here. Such con-
firmation is necessary before a simple one-dimensional TPU
scale can be postulated and used with confidence for precise
evaluations. For the purposes of this work, two circuits are
considered to be equal in preference when half of the judg-
ments of the group favor one and half favor the other circuit;
it does not follow that individual observers are indifferent in
their preferences for the two circuits.

70

VRGBT AR AT WYad e b1 =




v

¢+r

Parducci, A. and Perrett, L.F. CATEGORY RATING SCALES: EF-

1971 FECTS OF RELATIVE SPACING AND FREQUENCY OF
STIMULUS VALUES, J. Experimental Psychol. 89(2),
427-52. Monograph.

The context for judgment was studied by manipulating the
frequency distribution of the sizes of squares presented in
different sets. The resulting shifts in absolute category ratings
are largely accounted for by a simplified range-frequency
model. This model assumes that the rating scale locates
stimuli with respect to the end points and that there is also a
tendency to use different parts of the scale with equal fre-
quency. As implied by the model, a trading relationship was
demonstrated between the effects of varying the relative
spacing and frequency of the stimulus values. Thurstone scal-
ing was stable across sets, except that discriminability im-
proved when the range was narrowed, especially near the new
end points. Neither Thurstone nor rating scales were affected
by the number of categories. Implications were drawn for
inferring the utility of future outcomes from ratings obtained
in the special contexts in which decisions are made.

Poulton, E.C. THE NEW PSYCHOPHYSICS: SIX MODELS FOR
1968 MAGNITUDE ESTIMATION. Psychol. Bulletin, 69(1), 1-19.

Six pictorial models describe the effect upon magnitude
estimation of the choices of values of independent variables:
(a) the range of stimuli, (b) whether the range includes the
threshold region, (c) the position of the standard (1st stimu-
lus) within the range, (d) the distance of the Ist vasiable (2nd
stimulus) from the standard, (¢) whether the set of numbers
used is infinite or fimte, and (f) the size of the modulus (the
number given to its standard). The range of stimuli (a) alone
accounts for about 1/3 of the variance in S.S. Stevens’ table
of exponents. Effects are classified under headings of re-
sponse bias, level of adaptation, and a mathematical artifact.
They are more compatible with a learned-calibration theory
than with a simple transducer theory, but neurophysiological
data are too varied to decide between the two types of the-
ory. Transfer effects within and between experiments are de-
scribed. The approximately logarithmic relationship usually
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found between partition or category scales and magnitude
scales can be explained in terms of (b) and (e). The exact
form also depends on experimental design and history of the
observers, and these points nced more attention both in
executing and reporting experiments.

Prokasy, W.F. and Hall, J.F. PRIMARY STIMULUS GENERALIZA-

1963 TION. Psychol. Rev., 70(4), 310-22.

The purpose of this paper was to examine the widely held
assumption that there is an empirically based need for a con-
struct of “stimulus generalization.”™ This was done by (a)
outlining its historical evolution, (b) discussing its role as a
label in sccondary sources, and (¢) evaluating methods em-
ployed in measuring it. It was pointed out that the construct
is based upon some specious premises of carly behaviorism,
and that the way the label itself is employed assumes a
unique process and that the empirical operations for measur-
ing it differ little from those employed in discrimination
learning. It was concluded that, while the methods of measur-
ing stimulus generalization might help to define percepts. the
assumption of a special process under that label contributes
little to our knowledge of behavior. : !

Ross, J. and Di Lollo, V. JUDGMENT AND RESPONSE IN MAGNI-
1971 TUDE ESTIMATION. Psychol. Review, 78, 515-27.

Context is shown to influence not only judgment but, inde-
pendently, response in the task of magnitude estimation.
Pure response effects are isolated and characterized in several
studies employing a common shift design and are contrasted
with judgmental effects. Response scales in magnitude esti-
mation are presented as interval scales constructed from a
direct comparison of stimulus differences and shown then to
account for context effects. Implications for psychophysical
theory are considered.

Rule, S.J. EFFECT OF INSTRUCTIONAL SET ON RESPONSES
1964 TO COMPLEX SOUNDS. J. Exper. Psychol., 67(3), 215-20.

Ninety subjects rated sounds under loudness, noisiness, or
annoyance instructions. The sounds were composed of a ran-

-




dom noise with discrete tone components. Four factors of
sound were investigated: (a) overall intensity, (b) fundamen-
tal tone frequency, (c) fundamental tone intensity, and (d)
overtone intensity. An analysis of the interactions between
instructions and stimulus factors indicated that instructions
set subjects to give different emphasis to stimulus factors.
Overall intensity was emphasized most under loudness in-
structions, followed by noisiness and annoyance instructions.
Fundamental tone frequency and fundamental tone intensity
were given greatest emphasis under annoyance instructions,
followed by noisiness and loudness instructions. No differ-
ence was found for overtone intensity.

Sorkin, R.D. EXTENSION OF THE THEORY OF SIGNAL DE-
1962 TECTABILITY TO MATCHING PROCEDURES IN
PSYCHOPHYSICS. J. Acoustic Soc. Amer., 34(11),1745-51.

The theory of signal detectability is used to analyze experi-
ments where the observer’s task is to state, after two signal
presentations, whether the signals were the same or different.
A model is suggested for predicting human performance in
auditory *“‘matching’ tasks using data from detection and dis-
crimination experiments. Three experiments are discussed
which lend support to the model’s application. The first, a
two-alternative forced-choice, pulsed-carrier c¢xperiment,
serves to determine each observer’s efficiency. The efficiency
is assumed constant provided certain observation interval and
signal characteristics are held fixed, as they were during the
entire experimental sequence. The second was a simple
matching task, where the first observation interval always
contained a specified signal and the second sometimes con-
tained a signal identical to the first. In the third experiment
the signal appearing in the first interval was randomly chosen
from a set of possible signals, thus removing the long-term
memory requirement and necessitating a comparison observa-
tion based on both intervals. The results are consistent with
the assumption of constant efficiency across different tasks,
and close agreement with the model’s predictions for match-
ing performance is demonstrated. Also discussed are some
interesting side issues raised by the experimental data which
are relevant to current use of the matching procedure in
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other areas of psychology. Consideration is made of posssible
further applications of the matching procedure, such as in
determining the value of o in recognition experiments.

Stevens, J.C. and Marks, L.E. CROSS-MODALITY MATCHING OF
1965 BRIGHTNESS AND LOUDNESS. Proceedings of the Nation-
al Academy of Science, 54, 407-11,

In several experiments, observers have undertaken to match
for apparent intensity the sensations aroused in two different
sense  modalities.  Despite the uncertainty sometimes cx-
pressed about what constitutes equal apparent magnitude in
the face of a qualitative disparity (like the well-known dit-
ficulty of heterochromatic photometry), the method of
cross-modality matching has demonstrated that subjective
magnitude grows as a power function of stimulus intensity.
The present study undertakes a cross-modality comparison of
brightness and loudness-—-probably the two most important
continua having to do with sensory intensity. The form of
the equal-sensation function obtained from a series of cross-
modality matches can be tested against predictions of the
psychophysical law proposed by S.S. Stevens, which states
that the subjective magnitude grows as a power function of
the stimulus magnitude. The present study used the method
of cross-modality matching in order to determinc whether
brightness and loudness would produce an equal-sensation
function whose exponent is the ratio of the exponents previ-
ously determined for these two sense modalities.

Stevens, S.S. ISSUES IN PSYCHOPHYSICAL MEASUREMENT.
1971 Psychol Rev., 78, 426-50.

Two classes of ratio-scaling procedures are outlined —magni-
tude matching and ratio matching—-and their assets and liabil-
ities are noted. Partition-scaling procedures, which are sup-
posedly designed for interval scaling, produce results that can
be decribed by a power function with a virtual or “as if”
exponent. Since the virtual exponent is smaller than the ac-
tual exponent of the continuum, the category scale is non-
linear. The virtual exponent provides a convenient descriptor
of several kinds of partition operations. Other topics dis-

-




! cussed include individual differences among subjects’ ex-
ponents, procedures of averaging, and the effects of stimulus
range on exponents. It is suggested that the power law asserts
4 nomothetic imperative.

Stevens, S.S. MEASUREMENT, STATISTICS, AND THE SCHEMA-
1968 PIRIC VIEW. Science, 161, 849-56.

Stevens, S.S. A METRIC FOR THE SOCIAL CONSENSUS. Science,
1966 151,(4),53041.

What are the invariances in the manifold experiments involv-
ing human judgment? A convergence of evidence from fields
as disparate as psychophysics and criminology has pointed to
stable and constant relations. One such relation states that
subjective magnitude is a power function of stimulus magni-
tude. The underlying invariance then becomes the simple
principle that equal stimulus ratios produce equal subjective
ratios. On many of the continua discussed, the stimuli can be
measured only on a nominal scale, for the stimuli are verbal
statements, occupations, crimes, musical selections, and other
nonmetric items. On those continua the power law cannot be
confirmed directly, but there emerges another notable invari-
ance. For both kinds of continua, those based on metric
stimuli and those based on nonmetric stimuli, there is a con-
stant relation between the scale erected by direct judgment
and the scale derived from a unitizing of variability or con-
fusion. Whether the stimuli are measurable on ratio scales or
only on nominal scales, the judgmental scale based on units
of variability is approximately proportional to the logarithm

of the scale so constructed by one or another of the direct 1
scaling methods. The extensive invariance of this logarithmic ':;_
relation attests to a principle known throughout all of science 4 }
—namely, that error or variability tends to be “relative”: The 5
size of the error grows with magnitude. The principle finds j
expression under many phrasings: The standard deviation in- §
creases the mean, the coefficient of variation remains con- i
stant; the signal-to-noise ratio stays put; accuracies can be «}'
stated as one part in so many. The emergence of a similar ‘
canon in the subjective domain suggests an essential unity ®
among the principles that govern quantitative relations in %
het!
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widely diverse endeavors. For those who must build their
scicnce on one or another consensus of human judgment, a
way seems open for an effective quantification.

Stevens, S.S. ADAPTATION LEVEL VERSUS THE RELATIVITY
1958 OF JUDGMENT. Amer. ]. Psychol., 71, 633-46.

Stevens, S.S. and Galanter, E.H. RATIO SCALES AND CATEGORY
1957 SCALES FOR A DOZEN PERCEPTUAL CONTINUA. J.
Exper. Psychol., 54(6), 377-411.

Ratio scales of subjective magnitude are compared with cate-
gory rating-scales on several judgmental continua. ‘These con-
tinua divide themselves into two classes. Class T (prothetic)
continua are those onn which the category scale is nonlinear
relative to the magnitude scale. LExamples are apparent
length, duration, numerousness, area, weight, loudness,
brightness and lightness. On each of these continua the ratio
scale of subjective magnitude approximates a power function
of the physical stimulus. The category scale however, is con-
cave downward relative to the ratio scale, principally because
discrimination is relatively better at one end of the con-
tinuum than at the other. In general, the category scale is less
curved than logarithmic. On Class Il (metathetic) continua
the category scale **may be” linearly related to the magnitude
scale. Examples are visual position, inclination, pitch and pro-
portion. On these continua discrimination (expressed in sub-
jective units) tends to be constant over the range, although
landmarks and differential familiarity may introduce non-
uniformitics. Onn both types of continua the form of the
category scale depends on the relative spacing ol the stimuli
and on the relative frequency of their presentation. By means
of an iterative procedure, the effects of spacing and frequen-
¢y can be neutralized and the “pure” form of the category
scale obtained. The form of the category scale is generally
independent of the number of categories employed, and, ex-
cept under special circumstances, it is independent of the
range and number of stimuli used. Unlike the category scale,
the ratio scale of subjective magnitude is relatively unaffected
by stimulus spacing. Although on metathetic continua “equal
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appearing intervals™ may be equal. on prothetic continua
such intervals arc not cqual in terms of scales of subjective
magnitude.

Stevens, S.S. and Greenbaum, H.B. REGRESSION EFFECT IN
1966 PSYCHOPHYSICAL JUDGMENT. Perception and Psycho-

phys., 1, 439-46,

Stewart, J.L. QUANTITATIVE LAWS FOR SENSORY PERCLP-
1963 TION. Psychol. Rev., 70(2), 180-92.

A model for subjective intensity derived from an clementary
sensor provides lincar filtering, rectification with variable
power law exponent, and finite time averaging. The model is
consistent with the physiological measure of average neural
pulse rate. Simplified mathematical representations are em-
ployed to explain partial and complete masking. The Stevens
law and a modified Weber law are derived as special cases.
When extended to an array of sensors, a broadly significant
pattern theory for recognition results which explains diplacu-
sis and other phenomena. Direct electronic stimulation may
be achieved (and has) so as to yield solutions to problems
which are too complex to be analyzed in other ways.

Swets, J.A. IS THERE A SENSORY THRESHOLD? Science, 134,

1961

168-717.

We have the possibility of o threshold, but it is no more than
a possibility, and we must observe that since it is practically
unmeasurable it will not be a very useful concept in experi-
mental practice. Moreover, even if the low threshold pro-
posed by Tanner, Birdsall, and Swets did exist, and were
measurable, it would not restrict the application of detection
theory. We may note that yes-no data resulting from a supra-
threshold criterion depend upon the criterion but are com-
pletely independent of the threshold value. The same limita-
tion applies to the quantal threshold. It appears that a com-
pelling demonstration of this concept will be difficult to
achieve, so that in pratice a theory and a method that deal
with noise will be required. In measuring sensitivity it is desir-
able to manipulate the response criterion so that it lies in a
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range where it can be measured, to include enough catch
trials to obtain a good estimate of this response criterion, and
to use a method of analysis that yields independent measures
of sensitivity and the response criterion. One qualification
should be added: We can forego estimating the response cri-
terion in a forced-choice experiment. Under the forced-
choice procedure, few observers show a bias in their re-
sponses large enough to affect the sensitivity index appreci-
ably. Those who show such a bias initially can o'ercome it
with little difficulty. As a result, the observer can be viewed
as choosing the interval most likely to contain a signal, with-
out regard to any criterion. For this reason, the forced-choice
procedure may be used to advantage in studies having an
emphasis on sensory processes, rather than on motivational
OT Tesponse processes..

Taylor, MMM. COMMENTS ON “SENSORY THRESHOLDS AND
1964 RESPONSE BIAS.” J. Acoustic Soc. Amer., 36(3), 599-600.

Taylor, MM. and Creelman, C.D. P.ES.T.: EFFICIENT ESTI-
1967 MATES ON PROBABILITY FUNCTIONS. J. Amer. Acous-
tic Soc., 41, 182-87.

An adaptive procedure for rapid and efficient psychophysical
testing is described. PEST (Parameter Estimation by Sequen-
tial Testing) was designed with maximally efficient trial-by-
trial sequential decisions at cach stimulus level, in a sequence
which tends to converge on a selected target level. An appen-
dix introduces an approach to measuring test efficiency as
applied to psychophysical testing problems..

Teghtsoonian, M. THE JUDGMENT OF SIZE. Amer. J. Psychol.,
1968 81(4), 392-402.

Judged size, scaled by the method of magnitude-estimation,
is related to physical size by a power function. The exponent
of the power function may take a value of 1.0--that is, judged
size may be in direct correspondence to physical size -only
under special circumstances: (1) for judgments of linear
dimensions, and (2) when area-ratios can be successfully de-
termined on the basis of judgments of length and physical
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arca is estimated. When O is asked to judge the apparent size
of two- and three-dimensional figures, the exponent of the
power function is appreciably less than unity. For two-
dimensional figures, this value is about 0.8, and for three-
dimensional figures, it is about 0.7. Neigther value appears to
be greatly influenced by the form of the figures studied.

Teghtsoonian, R. ON THE EXPONENTS IN STEVENS' LAW AND

1971

THE CONSTANT IN EKMAN’S LAW. Psychol. Review, 78,
71-80.

It follows from Stevens’ psychophysical power law, =ag”,
that the exponent n=log Ry /log Ry, where Ry is the ratio of
the greatest to the least stimulus intensity and Ry s the ratio
oi’ corresponding sensory magnitudes. Data from 21 experi-
ments by S.S. Stevens show u correfation (Pearson ) off

935 between log Ry and 1/u, implying that log Ry is near-
ly constant. On this basis it is proposced that o single scale of
sensory magnitude serves a wide variety of perceptual con-
tinua, and that variation in power law exponents is primarily
due to variation in dynamic ranges. The hypothesis that there
is just one scale of sensory magnitude suggests that there may
be just one value for subjective resolving power. When Weber
fractions are transformed to their subjective counterparts by
the psychophysical power law, the result for nine different
continua is nearly constant at about .03.

Tempone, V.J. THE NATURE OF THE STIMULUS IN PRIMARY

1968 STIMULUS GENERALIZATION. Canadian J. Psychol.,

22(4), 244-51.

In the stimulus generalization literature little attention has
been given to the nature of the stimulus. It has been assumed
that E's definition of the training stimulus is isomorphic with
S’s perception of it. It was hypothesized that S may make a
discriminative response to a stimulus, but the discriminative
stimulus might differ depending upon the 8. Children were
reinforced for responding to an SP (a ten inch black square)
and not reinforced for responding to an S”. In the first two
conditions the S* lacked form or contour.: In the remaining
two conditions the S contained contour. Here, the S” was a
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nine inch black equilateral triangle or a four inch light gray
square. Following discrimination training. subjects were pre-
sented with generalization stimuli that varied along a size
dimension from the SP,

Thurstone, L.L. A LAW OF COMPARATIVE JUDGMENT. Psychol.
1927 Rev., 34, 273-86.

Torgerson, W.S. QUANTITATIVE JUDGMENT SCALES. /n H. Gul-
1960 liksen and S. Messick (Eds.), Psycbological Scaling: Theory
and Application. New York: John Wiley and Sons, 21-31.

Wald. A. SEQUENTIAL ANALYSIS. New York: John Wiley and
1947 Sons, pp. 88-105 and 196-99,

Warren, R.M. A BASIS FOR JUDGMENTS OF SENSORY INTEN-
1958 SITY. Amer. . Psychol., 71, 675-87.

The physical-correlate theory is proposed as the basis for
judgments of sensory intensity. The theory holds that esti-
mates of sensory magnitude are based upon experiences with
the manner in which sensory excitation is correlated with the
quantity of some physical attribute associated with the
stimulus. The theory is supported by experimental data for
half-subjective-intensity judgments of heaviness, the four
tastes, brightness, loudness, and pitch. For judgments involv-
ing half-subjective heaviness and half-taste sensation, the
physical-correlate theory reduces to the rule that judgments
of sensory intensity are equivalent to estimates of stimulus-
magnitude. Thus, for heaviness, experiences with relative
physical weight, and for taste, experiences with relative con-
centration obtained by adding various amounts of solutes and
of diluting sapid solutions with water provide the basis for
judgment. With other sensations, however, individuals are not
familiar with the physical scale describing stimulus strength
and the physical correlates appear to be as follows: for
brightness—the manner in which stimulation varies with the
distance from the illuminated object to its light source: for
loudness—the manner in which stimulation varies with the
distance of the listener from the sound source; for pitch—the
octave-relation of the musical scale.
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Wherry, R.J. ORDERS FOR THE PRESENTATION OF PAIRS IN

1938 THE METHOD OF PAIRED COMPARISONS. J. Exper.
Psychol., 23, 651-60.

Yilmaz, H. PERCEPTUAL INVARIANCE AND THE PSYCHO-
PHYSICAL LAW. Perception and Psychopbysics, 2, 533-38.
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Chapter 111

PERCEPTION, MODELING TECHNIQUES

The study of perception in the human environment has been en-
riched by contributions from many disciplines. In this section, we
have included examples of works illustrating various approaches to
problems of perception and evaluation.

The psychology of art and aesthetics are important considerations in
any study of user evaluation of environments. In the same vein,
studies ot aesthetic psychology must be understood in the light of
cultural variations in visual perception, and of learned norms and
biases in evaluation.

We have included some of the classic works describing the main
.. philosophies developed in the Western world, such as works by Arn-
heim, Croce, Jung, and Kohler, among others. We have also included
examples of recent experimental research in the areas of perception
and aesthetic response.
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Because of their importance to the proper understanding of the
mechanisms of perception, we have included selected references deal-
ing with the physiology of the eye and with brain mechanisms re-
lated to visual perception.
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Much of the empirical research in the above areas is facilitated by the
use of models or simulated environments for testing perceptual re-
sponses. A scale model of either an interior or exterior of a building
or of any of its parts may easily include numerous alternatives for
testing purposes, a possibility that is very difficult and costly to
achieve in real environments. We have therefore included in this sec-
tion some references on modeling techniques, and on studies utilizing
models in their experiments. A comprehensive source on model tech-
niques listed in this scction is Architectural and Interior Models, De-
sign and Construction (Hohauser, 1970).
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PERCEPTION, MODELING TECHNIQUES

Anonymous. STUDIES OF HUMAN VIGILANCE -AN OMNIBUS
1968 OF TECHNICAL REPORTS. Human Factors, Inc.: Santa
Barbara Research Park, Goletu, Calif.

Arnheim, R. ART AND VISUAL PERCEPTION. Berkeley and Los
1971  Angeles: University of California Press.

Arnheim, R. TOWARD A PSYCHOLOGY OF ART. Berkeley, Calif.:
1972 University of California Press.

Arnheim, R. VISUAL THINKING. Berkeley, Calif.: University of
1972 California Press.

Aschenbrenner, K. and Isenberg, A. AESTHETIC THEORIES. Engle-
1965 wood Qliffs, N. J.: Preatice-Hall.

Bachelard, G. THE POETICS OF SPACE. Boston: Beacon Press.
1969

Berleant, A. THE AESTHETIC FIELD. Springfield, Ill.: Charles C.
1970 Thomas.

Berlyne, D.E. AESTHETICS AND PSYCHOBIOLOGY. New York:
1971  Appleton-Century Crofts.
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Berlyne, D.E. NOVELTY, COMPLEXITY. AND HEDONIC VALUE.

1970

Blaut,

1969

Perception and Psychophysics 8(SA), 279-86.

Two c¢xperiments, in which subjects were exposed to se-
quences of colored shapes, investigated effects on ratings of
“pleasingness”™ and “interestingness™ of variables that had
previously been shown to affect ratings of **novelty.” The re-
sults indicate, on the whole, that both pleasingness and inter-
estingness increase with novelty. These findings rin counter
to those of experiments indicating an inverse relation be-
tween novelty and verbally expressed preferences. Two
further experiments examined cffecls of some variables that
might account for this apparent discrepancy. Homogencous
sequences declined in judged “pleasantness™ more than se-
quences in which several stimuli were interspersed, and sim-
ple stimuli became less pleasant as they became less novel,
while complex stimuli declined less or became more pleasant.
The lindings iare retaled (o hypotheses regarding meclhanisis
of hedonic value.

J.M. and Stea, D. PLACE LEARNING. Worcester, Mass.:
Clark University, Place Perception Center, Rescarch Report
No. 4.

Blaut, J.M., McCleary, G.F., Jr. and Blaut, A.S. ENVIRONMENTAL

1970

MAPPING IN YOUNG CHILDREN. Environment and Bebuv-
for 2(3), 335-49.

One component of environmental behavior is environmental
mapping, the activity by which macro-environmental infor-
mation is transformed into a cognitive map (Tolman, 1948).
This study uncovers sophisticated mapping abilities in young
children. The findings scem to have both thecretical and
practical significance. On the one hand, they suggest that
environmental mapping is a very primitive form of behavior,
and they lead us toa developmental model for such behavior.
On the other hand, they suggest some new approaches to
convironmental education,

Blumer, H. SYMBOLIC INTERACTIONISM. Englewood Clifts, NJ.:

1969

Prentice-Hall.
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Bruner, J. ON PERCEPTUAL READINESS. Psychological Review,
1957 64, 123-52.

This paper considers a general view of perception that de-
pends upon the construction of a set of organized categories
in terms of which stimulus inputs may be sorted, identified,
and given connotative meaning. It also explores perceptual
readiness, that is, the relative accessibility of categories to
stimulus inputs. The more accessible a category, the less the
stimulus input required for it to be sorted in terms of the
category, given a degree of match between the characteristics
of the input and the specifications of the category. There ap-
pear to be two general determinants of category accessibility.
One of them is the likelihood of occurrence of events learned
by the person in dealing with the world of objects and events.
Once can think of this activity as achicving a minimization of
surprisc for the organism. A second determinant of acees-
sibility is the requirements of scarch dictated by the need to
carry out habitual enterprises such as walking, reading, or
whatever it is that makes up the round of daily, habitual life.
Finally, the article considers some of the ways in which fail-
ure of perceptual readiness comes about—first, through a fail-
ure to learn appropriate categories for sorting the environ-
ment and for following its sequences, and second, through a
process of interference whereby more accessible categories
with wide acceptance limits serve to mask or prevent the use
of less accessible categories for the coding of stimulus inputs.

Bruner, J.S. and Postman, L. ON THE PERCEPTION OF INCON-
1949 GRUITY: A PARADIGM. Joumal of Personality 18, 206-23.

This work reaffirms that perceptual organization is power-
fully determined by expectations built upon past commerce
with the environment. When such expectations are violated
by the environment, the perceiver’s behavior can be described
as resistance to the recognition of the unexpected or incon-
gruous. Implementing this resistance are (1) the dominance
of one principle of organization which prevents the appear-
ance of incongruity and (2) a form of “*partial assimilation to
expectancy” which we have called compromise. When these
responses fail and when correct recognition does not occur,
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what results may best be described as perceptual disruption.
Correct recognition itself results when inappropriate expect-
ancies are discarded after failure of confirmation.

Butler, AJ. MODEL DESIGN TECHNIQUES. J. Inst. Heating Vent.

1964

Ingrs. 31, 401-406.

Three-dimensional models may prove to be effective supple-
ments to the two-dimensional methods. The chemical en-
gincering industry now uses models extensively for the design
of plants costing more than  70,000. Models and photo-
graphs are often used instead of general arrangement draw-
ings for the initial layout of plant and for the detailed design
of pipework. Chemical engineers say that these new tech-
niques have been especially important in reducing design and
construction time. They also claim that better designs result
from a clearer visualization and assessment of both problem
and solution, that communications are improved as designers
and others associated with the project are drawn together
around the model, that maintenance and construction re-
quirements can be more readily foreseen, and that tender
prices are lower because tendering partics learn that there are
usually fewer last minute changes when a model has been
used. The article is based on practical experience in the appli-
cation of model techniques to actual design problems. Sim-
ple, inexpensive techniques that can be used in any heating
and ventilating design office are described.

Choungourian, A. COLOR PREFERENCES: A CROSS-CULTURAL

1969

1964

AND CROSS-SECTIONAL STUDY. Perceptual and Motor
Skills 28(8), 801-2.

Cohen, J. PSYCHOLOGICAL TIME. Scientific American, November

1964, 116-24.

This experiment explores how much circumsiances affect the
subjective sense of the passage of time.

Coleman, F. CONTEMPORARY STUDIES IN AESTHETICS. New
1968

York: McGraw Hill.
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. Conner, AK. MODELS AS AN AID IN THE ACOUSTICAL DE-
1959 SIGN OF AUDITORIA. Acustica 9, 403-407.

Cornsweet, T. VISUAL PERCEPTION. New York: Academic Press.
1970

Coughlin, R.E. and Goldstein, K.A. THE EXTENT OF AGREE-

1970 MENT AMONG OBSERVERS ON ENVIRONMENTAL AT-
TRACTIVENESS. Regional Science Research Institute, Dis-
cussion Paper Series: No. 37.

Cowan, H.J., Gero, J.S. and Ding, G.D. MODELS IN ARCHITEC-
1968 TURI. Amcrican Elsevier Publ. Co.

Craik, K.H. ENVIRONMENTAL PSYCHOLOGY. In K.H. Craik, ct
i 1970 al. New Directions in Psychology 4. New York: Holt, Rine-
hart and Winston.

Craik, K.H. THE COMPREHENSION OF THE EVERYDAY PHYSI-
1968 CAL ENVIRONMENT. J. American Institute of Planners
34(1A), 29-37.

How do people come to grasp cognitively the everyday physi-
cal world in which they live and move? What terms do they
employ in talking about it? What aspects of it do they distin-
[ guish and attend to? What expectations do they bring to it?
What influences the way an individual comprehends his
physical surroundings? These are surely some of the ques-
b tions to which the environmental psychologist would be ex-
pected to turn his attention. How would he proceed in ex-
ploring these questions? The research strategy begins with de-
fining the terms of discourse, identifying the elements of the
problem, and studying their interrelationships. Out of this
basic procedure, terminology is introduced, methods are de-
veloped, research projects are conceived, and some by-prod-
ucts of practical interest to the design and planning profes-
» sions emerge.

- T
-

}
Croce, B. AESTHETIC. New York: Noonday Press (Trans. by Doug- ﬁ
1960 las Ainslie).
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Davids, A. GENERALITY AND CONSISTENCY OF RELATIONS
1955 BETWEEN THE ALIENATION SYNDROME AND COGNI-
TIVE PROCESSES. J. Abnorm. Soc. Psychol. 51(61).

Twenty male undergraduates were administered an auditory
projective technique, a word association technique, and a sen-
tence completion technique. They also engaged in two per-
sonal interviews with a clinical psychologist. Each of these
procedures was designed to provide an independent measure
of the subjects’ relative standing on the alienation syndrome,
which consists of relatively high scores in egocentricity, dis-
trust, pessimism, anxiety and resentment, and relatively low
scores in sociocentricity, trust, and optimism. The experi-
mental findings demonstrated that when the subjects listened
to a recorded series of incoherent spoken passages, con-
structed by intermingling words and statements representa-
tive of thesc traits and attitudes, their personalities were like-
ly to influence selective retention and perception. Individuals .

who were judged clinically to be high on the syndrome of *
alienation were found to be sensitized to the words and state-

ments indicative of alienation, and tended to selectively re-
member this material as measurcd by the methods of immedi-
ate recall, delayed recall, and recognition. Turning to other
cognitive tasks, it was found that readiness of association and
type of reaction to the word association and sentence com-
pletion techniques could be predicted on the basis of sc:lec-
tive auditory memories. These overall findings of general and
consistent relations between motivation and cognitive proc-
esses were interpreted as favorable evidence for the develop-
ment of a general theory of cognition. Finally, it was pointed
out that the present results are in keeping with the theory
underlying projective technic ues, and relations between clini-
cal application and controlled research were discussed.

Ding, G.D. MODELS IN THE DE: ‘GN OF BUILDINGS. Arch. Sci. *
1964 Rev. 7, 48-54.

Model methods are widely used to wain useful information ' }
about a prototype without the expense of first constructing J

the prototype itself. The information sought may be either

confirmatory or exploratory. If exploratory, model studies
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may be the only means available to the designer. This article
presents two sets of mathematical formulas, the first set cs-
tablishing the degree of similitude between the prototype and
the model, and the second set stating the pertinent variables
in building design in terms of classical dimensional analysis,
that is, how to represent the significant variables (aesthetic,
functional planning, town planning, construction, structural,
thermal, acoustical and lighting). Models vary according to
which variubles arec emphasized; the need for selection of the
appropriate model is stressed and illustrated.

Dubos, R. MAN ADAPTING. New Haven: Yale University Press.

1967

Ehrenzweig, A. THE HIDDEN ORDER OF ART. Berkeley, Calif.:

1971

University of Calif. Press.

Fader, L. and Leonard, C. HOLOGRAPHY: A DESIGN PROCESS

1971

AlD. Progressive Architecture, 92-94.

. Traditionat  architectural  graphic modes and symbols are

usually confusing, since few of the symbols are universally ac-
cepted, and only a select group of individuals is educated in
the graphic language. Models are also difficult to accept as
authentic simulations, since true scale is upset by the rela-
tionship of the models to larger items surrounding it, such as
people, pencils and desks. Further, it takes time to under-
stand a model. In walking from one side to another, one
often loses his visualization of the first view. Holography of-
fers a three-dimensional representation of form that can be
accented with textural gradients, plus showing the sequence
of construction on a single photographic plate. The project
described in this article not only produced the desired se-
quence, but also, by rapidly rotating the hologram from one
image to the next, allowed the observer to see a three-
dimensional form being built on top of the previous one. In
this application, the building organization, volume, space al-
location, form and material are quickly revealed. Other appli-
cations could allow changes in form over time to be modeled
with a greater degree of completeness.
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Fisher, G.H. THE FRAMEWORKS FOR PERCEPTUAL LOCAL-
1968 1ZATION. University of Newcastle-on-Tyne, Department of
Psychology.

Gardner, W.R., Hake, H.W. and Eriksen, C.W. OPERATIONALISM
1956 AND THE CONCEPT OF PERCEPTION. Psychol. Rev. 63,
149-59,

Perception is conceived as a process intervening between
stimuli and responses. As such it can be viewed as a concept
whose properties may be delimited by converging operations.
Converging operations are any sct of experimental operations
which climinate alternative hypotheses and which can lead to
a concept which is not uniquely identified with any one of
the original operations, but is defined by the results of all
operations performed. Thus converging operations can lead
to concepts of processes which are not directly observable.
for example, converging operations can be used to describe
properties of perceptions which are distinct from those of the
response system directly observed. Illustrations from current
experimental problems in perception indicate how some re-
sponse characteristics may be isolated from perceptual prop-
erties, and vice versa. Some of these properties have been as-
cribed to perception without supporting converging opera-
tions by rescarchers dissatisfied by the sterility of operation-
ism as it is commonly, but mistakenly, conceived.

Gibson, J.J. THE PERCEPTION OF THE VISUAL WORLD. Boston:
1950 Houghton, Mifflin.

Gombrich, E.H. ART AND ILLUSION. Princeton, N. J.: Princeton
1972  University Press, Bollingen Serics.

Gombrich, E.H. THE VISUAL IMAGE. Scientific American 227(3),
1972 82-98.

Gregory, R.L. THE INTELLIGENT EYE. New York: McGraw-Hill.
1971

Gregory, R.L. EYE AND BRAIN, THE PSYCHOLOGY OF SEEING.
1967 Ncew York: McGraw Hill.
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Haldane, J. PSYCHOPHYSICAL SYNTHESIS OF ENVIRON-
1966 MENTAL SYSTEMS. Berkeley, Calif.: California Book Co.

Heath, T.F. PROBLEMS OF MEASUREMENT IN ENVIRONMENT-
1968 AL AESTHETICS. Architectural Science Review 1,17-28.

The present state of aesthetic studies resembles that of the re-
scarch work of the chemist who, after some years labour, was
able to report that he had discovered a substance which was
colourless, odourless, tasteless, and useless. Nothing is clearly
established, no chain of cause and effect, no quantitative rela-
tionship which could be of the slightest assistance to anyone.
There are a large number of theories, mostly wordy, confus-
ing, and serving to rebut past philosophical opinion than to
unify the considerable but scattered body of factual data
now becoming available. The subject urgently needs a
staunchly empirical approach and a determination to develop
methods which can be applied to practical difficulties. It is
for this reason that this paper concentrates on methods of
measurement, for if we can solve the problems of measure-
ment, sound theory and practical applications will follow.

Heerman, C. LIGHT IN THE HUMAN ENVIRONMENT AS 'T'+F
1970 ARTIST SEES IT. Los Angeles: Sunbeam Lighting Co.

Henle, M. (Ed.) DOCUMENTS OF GESTALT PSYCHOLOGY.
1961 Berkeley, Calif.: University of California Press.

Hohauser, S. ARCHITECTURAL AND INTERIOR MODELS, DE-
1970 SIGN AND CONSTRUCTION. New York: Van Nostrand.

Since laymen cannot read plans, elevations, perspectives or
renderings, this work discusses how to use three-dimensional
models to simulate designed environments. Models aid in de-
sign, are the most easily understood presentation technique,
are accurate, are necessary for hard-to-visualize design forms,
are necessitated by new, unusual, highly personal forms and
materials, and help sell projects as well. The emphasis here is
on the techniques and procedures to use with different tools
and materials. Subjects include scales and materials, exterior
architectural models, interior models, presentations, and
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photography. Examples are extensive and well illustrated,
and the work definitely qualifies as a complete guide to mod-
¢l building.

Ittelson, W.H., Rivlin, L.G. and Proshansky, H.M. THE USE OF BE-

1970 HAVIORAL MAPS IN ENVIRONMENTAL PSYCHOLOGY.
In HM. Proshansky, W.H. Ittelson and L.G. Rivlin (Eds.) En-
vironmental Psychology: Man and His Physical Setting. New
York: Holt Rinchart and Winston.

Behavior always occurs someplace, within the limits of some
physical surrounding. Recent recognition of the importance
of this self-cvident fact has led to a growing number of
studies relating various aspects of behavior to the physical
spaces in which they are observed. Any data of this kind can
be thought of as constituting a behavioral map. The necessary
features of such a map are descriptions of behavior and of
participants and statements relating the behavior to its physi-
cal locus. Behavioral mapping as thus defined is o very general
technique for studying environmental influences on behavior.
As might be expected in any new ficld of inquiry, this tech-
nique has so far not been widely used, but those who have
used it have found it extremely fruitful. This work describes
procedures for producing and using behavioral maps in the
-tudy of environmental psychology.

Jay, P. ENVIRONMENTAL PERCEPTION: CAN SCIENCE REAL- #
LY HELP? Design, 220, 52-55. 1

We now have a technology that is sophisticated enough to
control our environment. This could be of great value—
particularly as people increasingly tend to spend most of
their working lives in entirely artificial surroundings. But can L
science really help us to isolate the factors that make the en- "
vironment pleasant? It appears that, within the rather broad .

range of environmental conditions to which we can adapt, 1
mental attitude is more important than any other factor, and
we should therefore bear three fundamental points in mind.
(1) If, merely to earn a living, people have to carry out tasks
which scem to them to be without real meaning or interest,
in circumstances not of their own choosing, they will com- \
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plain about anything or everything, and the complaints will
not necessarily bear much relation to their physical circum-
stances. (2) People will complain much less if given some
choice in the conditions of their environment. Therefore
there should be as much local control of lighting, heating,
ventilation and so on as is technically practicable. The effi-
cicnt functioning of heating and ventilating installations of-
ten depends on maintaining a delicate balance, so that local
control may be difficult to achieve (which points to one way
in which our technology might well be improved). (3) People
will accept what they know cannot be helped, and complain
about things which they think should have been better. The
environment in any new building should therefore be well up
to the standard expected by the occupants—a standard which
may be very different from that thought nccessary or de-
sirable by the office manager, the production engineer or the
designer himself. It also follows that higher and higher stan-
dards will be demanded for new buildings, without neces-
sarily making those who work in old buildings feel deprived
unless they have ccnstant opportunities for comparison.
These observaticns iay be disappointing to anyone who
started this article .a the belief that he was about to be ini-
tiated into the secrets of modern science, and he may well
complain that everybody knows things like this from his own
experience. It is curious that each person knows these things
in his capacity as a human being, while in his capacity as an
architect, engineer, manager, financier or civil servant he so
often forgets them.

Julesz, B. TEXTURE AND VISUAL PERCEPTION. Scientific Amer-
1965 ican 212, 38-55.

Jung, C.G. MAN AND HIS SYMBOLS. New York: Doubleday.
1971

Kepes, G. (Ed.) VISION+VALUE SERIES. Braziller Art and Archi-
1966 tecture Books.

Kohler, W. THE TASK OF GESTALT PSYCHOLOGY. Princeton, N.
1969 J.: Princeton University Press.
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Kolers, P. and Eden, M. RECOGNIZING PATTERNS: STUDIES IN
1968 LIVING AND AUTOMATIC SYSTEMS. MIT Press.

Langer, S. FEELING AND FORM. New York: Charles Scribner’s
1953  Sons.

Logan, H.L. VISION. Madison, Wis.: University of Wisconsin, Envi-
196Y ronmental Design Seminar.

Lynch, K. and Rivkin, M. A WALK AROUND THE BLOCK. /n H.M.

1970 Proshansky, W.H. Ittelson, and L.G. Rivlin (Eds.) Environ-
mental Psychology: Man and His Physical Setting. New York:
Holt Rinchart and Winston.

What does the ordinary individual perceive in his landscape?
What makes the strongest impression on him and how does
he react to it? To answer these questions, the researchers re-
corded the impressions of persons as they walked through the
city streets. The results showed interesting agreements about
what parts of the scene were most remarkable, and how these
parts could be fitted together to make a whole. Spatial form
seemed to be a fundamental impression. Spatially dominant
buildings, of dominant use or association, also appear in the
front rank. Of next importance was the quality of the city
“floor,” or pavement; and the contents and details of the
various storcfronts.

Luscher, M. THE LUSCHER COLOR TEST. New York: Pocket
1971  Books.

Maslow, A.H. and Mintz, N.L. EFFECTS OF ESTHETIC SUR-

1956 ROUNDINGS: INITIAL EFFECTS OF THREE ESTHETIC
CONDITIONS UPON PERCEIVING ‘ENERGY’ AND
‘WELLBEING’ IN FACES. J. of Psych. 41 241-254.

An experiment was conducted as an initial step in studying
the effects of esthetic surroundings upon people. Three
visual-esthctic conditions were used: “beautiful,” “‘average,”
and ‘“‘ugly” rooms. In each room, subjects unaware of the
purpose of the experiment were asked to rate the *‘fatigue/
cnergy” and ‘“‘displeasure/well-being™ of 10 negative-print
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photographs of faces. The results were: (a) the group in the
“beautiful” room gave significantly higher ratings (more
“energy” and “well-being”) than groups in either the “‘aver-
age” or “ugly” rooms; (b) the “average” room group had
somewhat higher ratings than the “ugly’ room group; (c) the
mean score for ratings in the “beautiful” room fell in the
“energy” and “‘well-being’ range, while the means for the rat-
ings in the other two rooms fell within the “fatigued” and
“displeased” range. Discussion pointed out that: (a) sugges-
tion, ‘‘role-playing,” or variables other than visual-csthetic
ones did not account for the differences obtained; (b) there
seems at present to be no single visual-esthetic quality that
can account for the dilferences among all three groups; (¢)
the effects may possibly have been obtained by the affect of
the rooms on the subject-examiner relationship.

McLuhan, M. VERBI-VOCO-VISUAL EXPLORATIONS. New York:
1967 Something Else Press.

Mead, G.H. ON SOCIAL PSYCHOLOGY. Chicago: The University of
1964 Chicago Press.

Mead, G.H. PHILOSOPHY OF THE ACT. Chicago: The University
1964 of Chicago Press.

Michelson, W. AN EMPIRICAL ANALYSIS OF URBAN ENVIRON-
1966 MENTAL PREFERENCES. J. American Institute of Planners

32(4), 355-60.

Although tentative, the data from this research urge the un-
derstanding of social diversity and the future utilization of
physical diversity in planning cities. They point out two ele-

" ments of social diversity in the population as prominent for

planning physical aspects of the city: value orientations and
the naturc and extent of social interaction. While their rele-
vance is restricted to segmented dimensions of environment,
no one variable being crucial to all of them, these two social
characteristics account for great differences in the lives of
people, differences which must be taken into consideration
by planners, along with more traditional concerns. Further-
more, the conceptual scheme proposed and the data bearing
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Mintz,
1956

on it suggest the viability of planning for diversity by concen-
trating on the basic unit of the individual. Since basic dimen-
sions of cnvironment may be independent of each other,
numerous combinations may be constructed from among
their variations which will not only accommodate the af-
fected people more expertly, but which on the metropolitan
level can present an endless kaleidoscope of forms for cities
which ought necessarily to resemble each other no more than
their residents do. Diversity is not an end in itself. But when
in cities it represents the minini:_ation of social costs and the
maximization of benefits to individuals, it represents a goal
to cherish no less than others.

N.L. EFFECTS OF ESTHETIC SURROUNDINGS: PRO-
LONGED AND REPEATED EXPERIENCE IN A “BEAUTI-
FUL” AND AN “UGLY"” ROOM. J. of Psych., 41, 459-466.

The present study investigated whether the effects of esthetic
surroundings reported previously simply reflect cither *‘labo-
ratory™ activity or initial adjustments to the room condi-
tions. During a period of three weeks, two examiners, un-
aware that they were “subjects”™ for this study, cach spent
prolonged sessions testing other subjects in a “*beautiful®™
(*B”) room and in an “ugly” (“U”) room. On a rating scale,
the examiners had short-term effects similar to those re-
ported previously; furthermore, during the entire three weeks
of prolonged sessions the ratings continued to be significantly
higher in the “B” room. The testing-time comparisons
showed that an examiner in the “U” room usually finished
testing more quickly than an examiner in the “B” room. Ob-
servational notes showed that in the “U” room the examiners
had such reactions as monotony, fatigue, headache, sleep, dis-
content, irritability, hostility, and avoidance of the room;
while in the “B” room they had feelings of comfort, pleasure,
enjoyment, importance, energy, and a desire to continue
their activity. It is concluded that visual-esthetic surroundings
(as represented by the “B” room and the ‘‘U” room) can
have significant effects upon persons exposed to them. These
effects are not limited either to “laboratory” situations or to
initial adjustments, but can be found under naturalistic cir-
cumstances of considerable duration.
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Nickson, A.F.B. and Muncey, R.W. SOME EXPERIMENTS IN A

1956

Norberg-Schultz, C. EXISTENCE, SPACE, AND ARCHITECTURIE.

197

ROOM AND ITS ACOUSTICAL MODEL. Acustica, 6,
295-302.

The feasibility of three dimensional acoustic models employ-
ing sound waves appears to be widely accepted, but no ex-
perimental evidence is available to corroborate this. Experi-
ments are described in which the acoustic behavior of a space
about 14x5x3 m? in the octave about 200 c/s is compared
with that of a model at one quarter scale, and it is shown
that, for several of the well known objective acoustic tests,
the theory that such models are possible is supported. The ac-
curacy attained corresponded with the accuracy with which
the surfaces were matched, and was considerably greater than
that of the relation of objective testing and subjective impres-
SIONS,

Pracger Paperbacks, Contemporary Architecture Series.

Proshansky, H.M., Ittelson, W.H. and Rivlin, L.G. (Eds.) ENVIRON-
1970 MENTAL PSYCHOLOGY: MAN AND HIS PHYSICAL SET-

TING. New York: Holt Rinehart and Winston.

Rapoport, A. and Kantor, R.E. COMPLEXITY AND AMBIGUITY

1967

R L

IN ENVIRONMENTAL DESIGN. AIP Jourmal 33(4),
210-221.

Simplicity and clarity in the intent of much of environmental
design is questioned from a number of points of view. Among
other work, recent psychological research shows that humans
prefer ambiguous, complex patterns in their visual fields and
that this seems a fundamental perceptual preference, apply-
ing even to infants and laboratory animals. The overall find-
ing in this arca of research is that there is an optimal range of
perceptual input preferred gencrally by subjects, with both
too simple and chaotically complex visual ficlds disliked.
Building in open-ended, complex, involved, allusive ways is
suggested to be more psychologically satisfying than the
traditional simplicity and control of the environment sought
by many designers. The thinking of a number of designers
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and writers on urban problems is examined and shown to
support this hypothesis.

Rock, 1. and Harris, C.S. VISION AND TOUCH. Scientific American,
1967 May 1967, 96-104.

Segall, M.H., “‘ampbell, D.T. and Herskowitz, M.J. THE INFLU-
1966 ENCE OF CULTURE ON VISUAL PERCEPTION. Indian-
apolis, Ind.: Bobbs Merrill.

Perception is an aspect of human behavior, and as such it is
subject to many of the same influences that shape other as-
pects of behavior. In particular, each individual’s experiences
combine in a complex fashion to determine his reaction to a
given stimulus situation. To the extent that certain classes of
experiences are more likely to occur in some cultures than in
others, differences in behavior across cultures, including dif-
ferences in perceptual tendencies, can be great enough even
to surpass the ever-present individual differences within cul-
tural groups. This study reports significant differences across
cultures in susceptibility to several geometric, or optical, illu-
sions. It should be stressed that these differences are not
“racial” differences. They arc differences produced by the
same kinds of factors that are responsible for individual dif-
ferences in illusion susceptibility, namely, differences in ex-
perience. The findings point to the conclusion that to a sub-
stantial extent we learn to perceive; that in spite of the phe-
nomenally absolute character of our perceptions, they are de-
termined by perceptual inference habits; and that various
inference habits are differentially likely in different societies.
For all mankind, the basic process of perception is the same;
only the contents differ and these differ only because they
reflect different perceptual inference habits.

Sells, S.B. ECOLOGY AND THE SCIENCE OF PSYCHOLOGY.
1966 Multivariate Bebavioral Research, 1, 131-44.

In the hierarchy of life sciences, psychology occupies a place
between the biological disciplines and the social science disci-
plines. Traditionally, ecology has been recognized as a branch
of biology, while the term “human ecology” has been used to
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) designate the investigations, principally by sociologists and
3 geographers, of the distributions of human population groups
in relation to material resources, health, social, economic,
and cultural patterns. These disciplines have produced signifi-
cant bodics of knowledge and theory and they have devel-
opcd distinctive journals, literature, and learned societies. No
such formal development has yet occurred in psychology, al-
though an ecologic emphasis has become pronounced in re-
cent years and mzy well be gathering enough momentum to
crystallize as a major trend in the next decade. This article re-
! views developments contributing to the ecologic trend in

psychology, discusses the issues and difficulties that must be
, faced, and draws out the implications of the ecologic empha-

sis on content and method in psychology.

& Sonnefeld, J. VARIABLE VALUES IN SPACE LANDSCAPE: AN
INQUIRY INTO THE NATURE OF ENVIRONMENTAL

L NECESSITY. J. of Soc. Issues 22(4), 71-82.
This article concludes that neither coltural, social, nor cco- }

nomic bases for classilication ol environmental preferences
ore especially effective for assessing spatial and landscape
needs. A less conventional distinction based on native/non-
native differences has the virtue of broad applicability to the
issue of space and landscape. Biased only by environmental
experience and personality, this distinction is nicely applica-
ble to contemporary societies characterized by a geographical
and social mobility.

" Srivastava, K.K. and Peel, T.S. HUMAN MOVEMENT AS A FUNC-
1968 TION OF COLOR STIMULATION. Milieu 2(4).

i
Stark, L. THE CONTROL SYSTEM FOR VERSIONAL EYE MOVE- '%
i
3

~a

MENTS. Berkeley, Cali’.: Neurological Control Systems
Laboratory, U.C.B. Report NCS 1970-01.

Stea, D. and Blaut, J.M. NOTLS TOWARD A DEVELOPMENTAL 1

1970 THEORY OF SPATIAL LEARNING. /n ). Archea and C. g
Eastman (Eds.) EDRA TWO: Proceedings of the Second An-
nual Environmental Design Research Association Conference.
Pittsburgh, Pa.: Carnegie-Mellon University.
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Symington, L.E. REACTION TIME: A BIBLIOGRAPHY WITH AB-
1971 STRACTS. Human Engineering Laboratories.

Taylor, J.C. LEARNING TO LOOK: A HANDBOOK FOR THE
1957 VISUAL ARTS.

Victor, J. and Rock, I. VISION AND TOUCH: EXPERIMENTALLY
1964 CREATED CONFLICT BETWEEN THE TWOQO SENSES. Sc:-
ence, 143 54496,

Wells, B. INDIVIDUAL DIFFERENCES IN RESPONSE. ARENA
1967 Architectural Association Journal 82(908), 167-71.

This article looks at how some individual differences occur in
the architectural setting, and describes the procedures used to
trace them, It is meant to be an introduction to the method
of approach, with a sample of results of significance to user
requirement studies. Anyone having much to do with user re-
quirement studics will sooner or later be brought up against
the problem of what constitutes a significant minority dissent
to a majority response. The mathematical solution would tell
one whether the dissenters are statistically significant, yet if
only one person dissents, and his reaction is such as to cause
him intense unhappiness or even to quit his job or house, that
might perhaps be regarded as being more serious than that a
significant statistical minority had mild cause for complaint.
Optimization may call for any amount of balancing of quan-
titative and qualitative reactions, but individuals vary tre-
mendously, and the best and most humane solutions will be
achieved by those who know most about the causes of indi-
vidual differences, and are least easily seduced by the tyranny

of averages.

Werblin, F. THE CONTROL OF SENSITIVITY IN THE RETINA.
1973  Scientific American 228(1), 70-80.

Wohlwill, J.F. THE PHYSICAL ENVIRONMENT: A PROBLEM
1966 FOR A PSYCHOLOGY OF STIMULATION IN MAN'S RE-
SPONSE TO THE PHYSICAL ENVIRONMENT. J. of Social

Issues 22(4), 29-38.
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This paper urges the creation of a science of environmental A
esthetics as a branch of psychology concerned with man’s af- :
fective response to the qualitative and quantitative features
of the world of natural and man-made stimuli surrounding
him. Esthetics, to be sure, has not been a particularly flour-
ishing branch of psychology in the past, no more than it has,
until recently, represented an area of concern in our social,
political and economic life. But the “new look” in the field
of motivation is bringing psychologists ever closer to the
realm of esthetics. Thus the author finds the time auspicious
for experimental psychologists to take their place alongside
their colleagues in social psychology, sociology, geography,
architecture, planning, etc., in a broadside attack on the
problems facing us in improving the quality of our environ-
ment.

Wokoun, W. VIGILANCE WITH BACKGROUND MUSIC. U.S.
1963 Army HEL Technical Memo 16-63.

Woods, W.A. and Boudreau, J.C. DESIGN COMPLEXITY AS A DIi-
1950 ‘TERMINER OF VISUAL ATTENTION AMONG ARTISTS
AND NON-ARTISTS. J. of Applicd Psychol., 34, 355-62.

The experiment attempted to arrive at some preliminary con-
clusions regarding the influence of design complexity in de-
termining visual attraction or attention. It is indicated that
art students tend to devote a greater proportion of their ob-
servation time to the more complex areas than do non-artists.
Variance due to complexity of design is significant for the
more sophisticated art groups, as are the differences in mean
time spent in viewing the designs. However, significant differ-
ences are not found for the less sophisticated groups, indicat-
ing that sensitivity to design complexity is a developmental
process which increases with age and with level of artistic
sophistication. The general pattern of data support the hy-
potheses that: (1) differences in visual sensitivity and atten-
tion do exist between artists and non-artists and between age
groups; and (2) art groups arc more sensitive to or pay more
attention to more complex design units than do non-artists
when the factors of color and objectivity have been climi-
nated from the designs.

103

A L




Yarbus, A, EYE MOVEMENTS AND VISION. New York: Plenum

1967 Press.
Zunse, L. VISUAL PERCEPTION OF FORM. New York: Academic
: 1970 Press.
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Chapter 1V

SMALL GROUP INTERACTION

This section includes representative examples of recent literature on
social considerations relevant to life on board ship which may have
some influence on the crew’s reactions to their physical surround-
ings.

It is in the nature of life aboard a ship to include intermittent periods
of containment within the vessel, with reduced opportunity for con-
tact with the outside world. To the extent that this constitutes ‘“‘con-
finement,” aspects of research dealing with confined environments,
such as space ships and submarines, become relevant and are there-
fore represented here. Conversely, studies based on less confined en-
vironments, such as land-based housing, afford opportunity for bal-
anced comparisons, and are therefore also included. A good basic
reading list on habitability in the confined environment typical of
long-duration space missions can be found in the reference section of
The Intangibles of Habitability During Long Duration Space Mis-
sions, prepared for NASA by T. M. Fraser, M.Sc., M.D., 1968.

Space being at a premium on board ship, certainly more so than on
land-based structures, issues of territoriality and privacy become

"more acute. Work on board ship requires a clear definition of tasks
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¢ and hierarchies of jurisdiction, as well as a spirit of cooperation and
] N . . . . . .
mutual reinforcement. Studies of group interaction, of institutional
organization, and of cultural differences become relevant. Examples
of studies dealing with these issues are to be found in this section.
Also included are a few studies investigating direct relationships be-
tween the physical environment and human behavior or reaction to
it. A good representation of recent contributions on the subject of
man and his physical setting can be found in Environmental Psychol-
ogy.: Man and His Physical Setting (Proshansky, 1970), mentioned in
the previous section. A few specific articles from this book are listed

f in this section.

N - - T
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Altman,
1971

SMALL GROUP INTERACTION

I. AN ECOLOGICAL APPROACH TO THE
FUNCTIONING OF SOCIAL GROUPS. In J.E. Rasmussen
(ed.), Individual and Group Behavior in Isolation and
Group Behavior in Isolation and Confinement. Aldine
Press.

Altman, L., and Lett, E.E. THE FCOLOGY OF INTERPERSONAL

1970

RELATIONSHIPS: A CLASSIFICATION SYSTEM AND
CONCEPTUAL MODEL. In J.B. McGrath (ed.), Social and
Psyvchological Factors in Stress. New York: Holt, Rinehart
and Winston.

Altman, 1. and Haythorne, W. THE ECOLOGY OF ISOLATED

1967

GROUPS. Behavioral Science, 12, 169-182.

This study examines social activity and ‘‘territorial”
behavior for beds, areas of a room, and chairs in socially
isolated and nonisolated dyads. Dyads were formed
according to a Greco-Latin square design with composition
differences on dogmatism, need achievement, need
affiliation, and need dominance. Nine dyads lived in a
small room for ten days with no outside contact. Matched
controls followed the same schedule, but had access to
other people and outside facilities. Men in socially isolated
groups showed a gradual increase in territorial behavior
and a general pattern of social withdrawal, the latter
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reflected in increased time spent alone vs. time spent in
joint activities, There also seemed to be a developmental
sequence of territorial behavior, with fixed geographical
areas and highly personal objects subject to jurisdictional
control first, and more mobile, less personal objects
somewhat later. There were also interaction effects of
social isolation and group composition on social activites
and territorial behavior. Incompatibility on traits directly
associated with interpersonal matters (dominance and
affiliation) resulted in high territoriality,  while
incompatibility on characteristics relevant to ideas and
objects (achievement and dogmatism) did not have strong
territorial outcomes. For social activities, personality
incompatibility on *“‘egocentric” characteristics
(dominance and dogmatism) were associated with high
social activity, while incompatibility on “sociocentric”
characteristics (affiliation and achievement) led to social
withdrawal. '

Baker, R.G.' ECOLOGICAL PSYCHOLOGY. Stanford University

1968

Press.

Bates, A.P. SOME SOCIOMETRIC ASPECTS OF RANKING IN A

1952

SMALL FACE-TO-FACE GROUP. Sociometry, 15,
33041.

This study set out to test two hypotheses, one relating
social rank in a small group and performance in the group
norms, the other relating social rank and volume of
interaction. While hypothesis 1 receives some support from
the data, the results are a good deal less conclusive than
in the case of hypothesis 2, where variation in rank based
on certain criteria is closely associated with frequency of
interaction. It is somewhat difficult to interpret the
finldings relative to hypothesis 1, because they were
presumably affected to an unknown degree by the
methods used and by the fact that the group was new
and relatively unstructured.

Bechtel, R.B. HUMAN MOVEMENT AND ARCHITECTURE. In

1970

H.M. Proshansky, W.H. Ittelson, and L.G. Rivlin,

Environmentul Psychology: Man and His Physical Setting,
108
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Environmental Psychology Program, City University of
New York. San Francisco: Holt Rinehart and Winston,
642-45,

When a person moves around inside a building, he is
responding to the building as architecture. If the building
is familiar territory, he moves through it in a habitual
manner; if it is unfamiliar, he moves in an exploratory
manner. The emphasis on locomotion, both exploratory
and habitual, poses special problems for the architect as
he works with interior space. How, for example, can he
provide a layout that will minimize the visitor’s confusion
on first entering an unfamiliar public building? Or how
can he design a home so as to maximize the family’s use
of available space as they go about their daily activities?
The development of a new measuring device, the
hodometer, which can indirectly “‘observe” patterns of
movement, has helped provide answers to some of the
questions. The hodometer is an electrical system for
automatically recording the number and location of
footsteps across a floor. The device consists of a cluster
of ¢lectric switch mats covering an entire floor space, with
each mat connected to an electric counter. The counters
that keep score are housed in a cabinet placed out of sight
in a closet or in the next room. A clock is mounted on
the face of the counter cabinet to record the amount of
time people spend in the room—the clock starts when
someone steps on the first mat and stops with the last
electrical impulse recorded, when the last person leaves
the room. . '

Becker, F.D. and Mayo, C. DELINEATING PERSONAL DISTANCE

1971

AND TERRITORIALITY. Environment and Behavior,
J(4), 375-81.

Berkman, P. LIFE ABOARD AN ARMED-GUARD SHIP. American

1971

Journal of Sociology, 51, 380.
In port an armed-guard ship, divorced of its primary

function, becomes unorganized and tends to lose its
shipshape character; a ‘‘scattering-ashore™ process begins.

109

D B N 0 g b
R T R e

7 e ——meny]

R R

v

-
s

&

A
:
i
o,
s
4
5




Berne,
1966

Bion,
1959

The ship, devoid of men and with social interaction
reduced to a minimum thereby, disintegrates as a social
unit. Under way, with routine duties and collective
expectations  re-gstablished, the ship assumes a social
identity through the development of group solidarity and
integration. A landlubber, thrust into this situation.
hecomes a sailor in a context of shipboard discourse, rough
weather and  the development of sea legs, informal
initigtory ritual, standing watches, general quarters, and
the imminence of enemy attack.

E. THE  STRUCTURE AND DYNAMICS OF
ORGANIZATIONS AND GROUPS. New York: Grove
Press.

W.R. EXPERIENCES IN GROUPS. Group Relations

Conference 1I, Wright Institute, Basic Books.

Experiments in a rehabilitation wing of a military
psychiatric neurosis hospital suggest the need for further
examination of the structure of groups and the interplay
of forces within the groups. Psychology and
psychopathology have focused attention on the individual,
often to the exclusion of the social field of which he is
a part. There is a useful future in the study of the interplay
of individual and social psychology, viewed as equally
important interacting elements.

Broadbent, D.E. DECISION AND STRESS. London: Academic

1971

Press.

Brolin, B.C. and Zeisel, J. MASS HOUSING: SOCIAL RESEARCH

1968

AND DESIGN. The Architectural Forum, 129(1), 66-71.
A prototype study in which observations on social

behavior are translated into requirements for appropriate
architecture.
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Craik, K.H. THE ASSESSMENT OF PLACES. In P. McReynolds
1971 (Ed.), Advances in Psychological Assessment, Vol. 1. Palo
Alto, Ca.: Science and Behavior Books.

This discussion Tocuses upon the systematic assessment of
physical  environmental settings, more simply termed
places. Adaptation of concepts and techniques from the
lield of personality assessment offers a tremendous
mcthodological  resburce  for the assessment of
environments. Five modes of analysis in the comprehensive
assessment  of places can be distinguished: (1) the
physical-spatial properties of places, (2) the organization
of entitics and components within places, (3) the traits
of places, (4) the behavioral attributes of places, and (5)
the institutional attributes of places.

Dean, D.G. ALIENATION: ITS MEANING AND MEASUREMENT.
1961 Amer. Sociol. Rev., 26, 753.

The concept of alienation is considered here as having
three minor components: Powerlessness, Normlessness and
Social Isolation. Scales constructed to measure these
inter-correlated from .41 to .67 (N=384). There is a low
but statistically significant negative correlation between
the three components of alienation and occupational
prestige, education, income, and rural background. There
is a small positive correlation between alienation and
advancing age.

Fast, J. BODY LANGUAGE. New York: M. Evans and Co., Inc.
1970

Festinger, L., Schachter, S., and Back, L. SOCIAL PRESSURES IN
1950 INFORMAL GROUPS. New York: Harper.

Flising, A., Werelius, B, MANNING  OF  TECHNICALLY
1972 ADVANCED  SHIPS.  The  Swedish  Ship  Rescarch
Foundation, SSI' 7548:2.
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Fraser, T.M. LEISURE AND RECREATION IN LONG DURATION

1968

SPACE MISSIONS. Human Factors, 10(5), 483-88.

Leisure activities pursued during long-range space missions
should not be considered by planners as merely a way
of filling time. Current astronaut selection procedure tends
to favor those who in leisure time in a spacecraft will
spontaneously pursue mission-oriented activities, making
the most of whatever facilities are available. With provision
of an appropriate climate and opportunity, encouragement
van be given to furtherance of the creative use of leisure
for self-development of the persons involved. Provision
should be made for both active recreation, as in hobbies,
communal games, and even music making, and for passive
enjoyment as in listening to recorded music and radio,
watching television and movies, and reading. Provision for
exercise programs is also required.

Fried, M. and Gleicher, P. SOME SOURCES OF RESIDENTIAL

1961

Geddes,
1965

SATISFACTION IN AN URBAN “SLUM.” Journal Amer.
Insti. of Planners, 27(4), 305-15.

Urban renewal planning has assumed that social benefits
would accrue to the former residents of slums. But the
meanings that the slum areas have for their residents and
the consequent effects that relocation would have for
them have not been adequately understood. Prior to being
removed from Boston's West End redevelopment area,
most residents experienced profound satisfaction from liv-
ing in the area. Their satisfaction derived, in large part,
from the close associations maintained among the local
people and from their strong sense of identity to the local
places. In tum, people and places provided a framework
for personal and social integration.

R.L. THE PSYCHOLOGICAL DIMENSIONS OF
ARCHITECTURAL SPACE. Progressive Architecture.

The idea of designing architecture in terms of social
modules is not new. But, when reviewing the majority of
recently completed housing projects, college residences,
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and institutions for the sick, very little thought has been
given to the human element, and design is for the most
part a haphazard mechanical procedure. It should be
possible to make these buildings workable shelters in the
terms discussed in this article. This study points to a
logical planning approach, to a method of design.

Gump, P.V. THE BLHAVIOR SETTING: A PROMISING UNIT

1971

FOR ENVIRONMENTAL DESIGNERS. Landscape
Architecture, 130-34,

The methods by which we divide the environment into
units and by which we describe these units have been
primitive, vague and inconsistent. The author believes that
people’s behavior and experience in the environment can
be measured and analyzed with new precision by using
the hehavior setting as o standard unit in environmental
rescarch. This  concept presses  designers and  other
decisionmakers to face the hard fact that to shape the
environment into a park, plaza, square or subway produces
a milicu for human behavior--and that within this milieu,
behavior settings will develop. The designer’s work is to
be judged by the behavior he induces indirectly through
these behavior settings, as well as by the milieu he
produces directly.

Gunderson, E. E. K. EPIDEMIOLOGY AND PROGNOSIS OF

1945

PSYCHIATRIC DISORDERS IN THE NAVAL SERVICE.
Navy Medical Neuropsyciatric Research Unit, San Diego,
Calif. Reprint NMNRU-70-15, AD-734-195.

The epidemiology of psychiatric disorders has been
investigated in the naval population during the past
decade. A continuous file of all Navy and Marine Corps
psychiatric patients has been established on cpmpt?ter
tapes in order to facilitate epidemiological and longitudinal
studies. Psychiatric incidence rates have been found to
vary widely among different segments of the nayal
population. Incidence rates increased sharply for Marine
Corps enlisted personnel during the Vietnam war,
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compared with an earlier peace-time period. Short-term
prognostic studies have been conducted for both
psychiatric outpatients and inpatients. Long-term
prognosis has been investigated in severe psychiatric
disorders, and different prognostic indicators were found
for neurotics and psychotics.

Hall, E.T. PROXEMICS AND DESIGN. Design and Environment.
1971

Hall, E.T. HUMAN ADAPTABILITY TO HIGH DENSITY. Journal
1969 of Ekistics, 20(119).

Hall, E.T. THE HIDDEN DIMENSION. Garden City: Doubleday &
1966 Company, Inc.

Hall, E.T. THE SILENT LANGUAGE. New York: Fawcett World
1959 Library.

Hare, A.P. and Bales, R.F. SEATING POSITION AND SMALL
1963  GROUP INTERACTION. Sociometry, 26, 480-86.

The analysis of several sets of data from five-man
laboratory groups tends to support the hypothesis that
both centrality of seating position and distance between
meimbers can be used to predict the interaction pattern.
This pattern only appears in a “‘task” session. In a *‘social”
session for the same type of group, members tend to talk
more to the person next to them as they turn away from
the group for a more intimate conversation. Personality
variables are also related to seating choice and to
interaction rate. More dominant subjects tend to choose
the central seats and to do the talking.

Herbst, P.G. SOCIO-TECHNICAL AND PSYCHODYNAMIC

19682 VARIABLES IN SHIP ORGANIZATION DESIGN. Work
Rescarch Institutes, Oslo, Norway.
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Herbst, P.G. SOCIO-TECHNICAL DESIGN OF SHIP

1968 ORGANIZATION. Work Rescarch Institutes, Oslo,
Norway.

Ittelson, WH Proshansky, H.M., and Rivlin, L.G. THE ENVIRON-

1970 MENTAL PSYCHOLOGY OF THE PSYCHIATRIC
“{ARD. In Proshansky, Ittelson, and Rivlin (Eds.), En-
vironmental Psychology: Man and bis Physical Setting.
New York: Holt, Rinchart, and Winston, 419-39.

lzumi, K PSYCHO-SOCIAL CONSIDERATIONS OF
1968 ENVIRONMENTAL DESIGN. National Society of
Interior Designers, New York.

Joiner, D. SOME SOCIO-CULTURAL INFLUENCES ON THE USE
1970 OF ARCHITECTURAL SPACE. Architectural Psychology
Newsletter, Sec. 2.

Kipnes, D.McB. INTERACTION BETWEEN MEMBERS OF CREWS
1957 AS A DETERMINANT OF SOCIOMETRIC CHOICE.
Human Relations, 10(3).

The study tested the general hypothesis that sociometric
preferences of members of bomber crews are a function
of the formal organization of the crew. The crew
organization is such that a specific physical position in
the plane and specialized job responsibilities are assigned
to ecach man. Both physical positions and job
responsibilities enhance or restrict the opportunities for
interaction among crew members, The article hypothesizes
that crew members would be best liked by others who
had greatest opportunity for interaction with them. The
results support the conclusion that interpersonal
preferences of crew members are affected by the crew
organization, and that greater amounis of contact
(resulting from organizational requirements) facilitate the
development of stronger preferences.
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Kuethe, J.L. PERVASIVE INFLUENCE OF SOCIAL SCHEMATA.

1966

J. Abnorm, and Soc. Psych., 68(3), 248-54.

Subjects placed human figures cut from felt on a field
under free response instructions and then reconstructed
displays of the figures in a judgment task where the figures
were presented with a fixed separation’ and replaced by
the subjects. Next the subjects attempted to replace
human statuettes while blindfolded. Finally, a word
association test was administered. Those subjects who kept
man and woman figures together in free placements made
the largest errors of replacing man-woman pairs in figures
closer tugether than they replaced other pairs in both the
visual and nonvisual reconstructions. These subjects were
significantly more likely to give “man” and “woman™ as
reciprocal verbal associations. The same social schema was
aroused by the specific content whether the stimuli were
visual, nonvisual, or verbal.

Kuethe, J.L. SOCIAL SCHEMAS. J. Abnorm. and Soc. Psych.,

1962

64(1), 31-8.

Subjects placed sets of figures cut from felt on a felt board
under conditions of free response. Most subjects responded
to the task by giving organized responses; scattered or
apparently random placement of figures was rare. The
content of a set of figures determined the schema that
was employed by the subject in organizing his response.
A strong basic social schema results in the grouping of
human figures to a greater extent than non-human figures.
Several specific social schemas showed high commonality
such as the tendency to place a child nearer to a woman
than to a man and the tendency to place a dog nearer
to a man than to a woman. The clinical significance of
idiosyncratic responses was discussed. A separate study
showed that social schemas are social response sets in the
sense that they can produce constant errors when subjects
attempt to reconstruct situations that they have previously
observed.

Kuhn, M. RESEARCHES IN HUMAN SPACE. Ekistics, 25.

1968




Lee, T. THE EFFECT OF THE BUILT ENVIRONMENT ON
1971 HUMAN BEHAVIOR. Intern. Journal Environmental
Studies, 1, 307-14.

A primary issue to be faced by the student of human
"~ urban behaviour is that of determinism. There s
disagreement among social scientists on whether or not
the human personality is partly shaped by the built
environment. The main arguments are presented and the
implications for planning arc also discussed.

Leibman, M. THE EFFECTS OF SEX AND RACE NORMS ON
1970 PERSONAL SPACE. Environment and Behavior, 2(2),
208-40. '

Data on the nature of the relationship between social
norms and spatial behavior have important implications
for the study of environmental and social psychology.
Results indicate that the social environment is a significant
determinant of the perception and use of space, and that
spatial behavior is an important measure of the behavioral
consequences of social factors. While notions of context
and salience are not new, these findings underscore their
significance in  the investigation of social and
environmental forces.

Lewis, R. OFFICER-ENLISTED MEN’S RELATIONSHIPS. Am.
1946 Journal of Sociology, 52, 410.

The first reaction of the enlisted man to his officers is
onc of envy. He is jealous of his superior’s clevated
position and yearns for similar status. As his training and
contact with officers increasc, he becomes resentful of his
officer’s superior attitude and special privilege. In officer
candidate schools the potential officer is indoctrinated to
an attitude of superiority to his troops. This attitude is
fortified, upon commission, by the awareness of special
privilege which is now his. Re-cxamination and
reorganization of officer -enlisted men’s relationship is
necessary for the development of a more efficient army.
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Lipman, A. BUILDING DESIGN AND SOCIAL INTERACTION.

1968

Architects Journal, London, 23-30.

Little, K.B. CULTURAL VARIATION IN SOCIAL SCHEMATA. J.

1968

of Personality and Soc. Psych., 10(1), 1-7.

Social interaction distances among five national groups,
United States American, Swedish, Greek, Southern Italian,
and Scot, were studied using doll placements to elicit 19
different  social schemata. There was  considerable
agreement among the groups as to the ordering of the
distances for the different transactions, but significant
dilferences among nationalities as to the meuan distance
al which the various interactions were judged as taking
place. The hypothesis that the Mediterrancan  culture
subjects would  have  closer interaction  distances  as
comparced to North Luropean subjects was confirmed at
a high level of significance; the hypothesis that all
interaction involving female surrogates would be seen as
occurring at closer distances than those involving males
was not supported. In general, female-female transactions
of an intimate nature, or those involving unpleasant topics,
will be judged as occurring at closer distances than
male-male interaction. For interactions with authority
figures or with superiors, on the other hand, the
female-female distances will be judged as occurring at
substantially greater than male-male. (Since the subjects
in this study were always the same sex as the stimulus
figures this conclusion cannot be generalized to cross-sex
judgments.) The major single factor determining distances
in dyadic schemata appears to be the relationship between
the members with the specific content or affective tone
of the transaction as the next most important.

Lyman, S.M. and Scott, M.B. TERRITORIALITY: A NEGLECTED

1967

SOCIOLOGICAL DIMENSION. Social Problems, 15,
236-49.

Territoriality, or the attempt to control space, is conceived
as a fundarnental human activity. Distinguished are four
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Maas, H.

1959

types of territory: public territories, home territories,
interactional territories, and body territories. There also
exist three types of territorial encroachment, (violation,
invasion, and contamination) and three types of reaction
to encroachment, (turf defense, insulation, and linguistic
collusion). Certain groups are spatially deprived of free
territory—that is, the ecological conditions that afford

opportunities for idiosyncrasy and expression of desired
identities. In response to this absence of free space,
spatially deprived groups respond to various kinds of body
manipulation, body adornment, and body penetration,
(the modification of inner space).

THE HUMAN FACTOR IN LIFE ON BOARD SHIP.
Weltschiffahrts - Archive 4, Bremen.

This paper presents the results of a conference of qualificd
personalities in shipping at the “Evangelische Akademice™
in Loccum on the theme *The human factor in life on
board ship™.

Mann, P.H, THE STATUS OF THE MARINE RADIO-MAN. A

1957

BRITISH CONTRIBUTION. Am. Journal of Sociology,
63(1), 39.

The marine radioman in the British Merchant Navy has
officer status, but, because of the special natute of his
role, his status does not fit easily into the general officer
hierarchy of the average merchant ship. It is suggested that
in both the formal and the informal social structure of
the ship’s company there are many factors which result
in the radio officer’s being odd man out.

Mechrabian, A. and Diamond, S.G. SEATING ARRANGEMENT

197

AND CONVERSATION. Sociometry, 34(2), 281-89.

This study examined scating preferences as a function of
sex, affiliative tendency and sensitivity to rejection, and
the cffects of seating choice on conversation. The findings
indicated that in four-person groups females and more
affiliative subjects had a greater preference for closer
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positions. However, there were no significant relations
between sex or the personality measures and preferences
of orientation. There was more conversation between
persons in more immediate positions, /e, those seated
closer and/or more directly oriented to one another. But,
the finding relating distance to conversation applied only
to those who were sensitive to rejection. The present
findings supplement earlier results and suggest a two-sided
relation between immediacy and liking: people who like
cach other select more immediate positions relative to one
another, and immediate positioning of stiangers leads them
to communicate liking to each other

Otterland, A. A SOCIOMEDICAL STUDY OF THE MORTALITY
1960 IN MERCHANT SEAFARERS. In Aubert and Arner, The
Ship As A Social System. Gothenberg.

Radloff, R. and Helmreich, R. GROUPS UNDER
1968 STRESS-PSYCHOLOGICAIL. RESEARCH IN SEALAB
II. New York: Appleton-Century-Crofts.

Record, J.C. THE MARINE RADIOMAN'S STRUGGLE FOR
1957 STATUS. Am. Journal of Sociology, 62(4).

Labor solidarity can be breached not only by jurisdictional
disputes, ideological differences, and personal rivalries but
by struggle for status. The merchant-marine radio
operator, marginal man of a hierarchical shipboard society,
used his union as an instrument of upward mobility to
dissociate himself from common crew members and rise
into the of’icer ranks. Not satisfied to write officer
privileges into its collective-bargaining contracts, the union
successfully sought congressional confirmation of the
higher status, only to have its members continue to
encounter something less than full acceptance by deck and
engineering officers, who are organized in separate craft
unions.

Richardson, S.A. ORGANIZATIONAL CONTRASTS ON BRITISH
1956 AND AMERICAN SHIPS. Administrative Science
Quarterly, 1(2).
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